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3 . 3  D a t a  B a - s e  U t i l i ti e s

3 . 3 . 1  D a t a  E a s e  U t i l i t y  One ( D B U 1 )

At the same tim e- the macro package is being c r e - ted , D~~U1
ca-n he a s s e m b l ed because it does not rec iuir e the macro pa ckege .

BU1 is a section of DBMS. Since DBU1 is no lor-~e r  n c~~Led
onc e the d a t a  ba-se is LCut on—line , i t is lea - dc-i at the une - of
DB~-~S so that i t s  core  can be r e l e a s e d  once i t  h a - s  c o m p l e t e d  i t s
work.

The  con t ro l  c a r d s  to a s sem b l e  DBU1 a r e :

S I D E N I  < u s e r i d > ,MAD— DBU1 ,ASSEM E L E  D B U 1
$ CL A P  DE CK

S E L E C T A  <userid>/DBU/DBU1MAC
$ SELECIA <userid>/DBU/DFU1DCCU

SELECTA <user id>/DBU/iJBU1CON
$ SELECTA <uscri-1>/DBU/ DBU1

SEL ECTA <u serid>/D 1~U / D B U l S U E S
$ SE L E C T A  < u s e r i a > / D i ’.U / D B U l I N [ l
$ L E L [C ’ F .~ <us crid>/D~ U/ DB U 1 R E VE

SELECIA <userid>/D }3U/DBU1STG
S F I L E  C* , X 1 R , l u L , N E W , C S D B U 1

ENDJGB

3.3.2 Data ‘Lese Utility Two (DBU2)

DBU2 can also be assembled in p ara ll e l with the - m acro
p a- c k a-ge .

Unlik e D[~U1 , DBU2 i s  a f r e e s t a n d i n ~ ;ro ;ra - a - ~r i t t n i n
E- ’~~I~ i P A ; ~ w i t h  two  G’~A P s u b r o u t m n .  In oni. nr .- , it can he-
considered as an application program because i t  u~~~s ~ne E~~~.
L a n g u a g e  InterLace (FLU to comm un ic~~ti w ith ~ da-~~a- h:-za . Or
the other hand , i t  does not recuire the ELI s t o r a l -  s o c i a t ’ - ~.
w i th a par t i c u l a r  da t a base i n c r d r to ta l~: to that da t a - b~~~e.
Ins tr~a-d , DBU2 has its own sr -ci a - I  s tor a - -me tha t  a l 1o ~~s it t~
perfor m the functions cl- scrib e - c in tn Data 1 asc U t i l i t y (re anc-
Date Ease Util i t y  Two ma nual.

DBU2 reauires t h e  object deck of the E L I  b e fore ii ca-n L e
run.

The con tro l cards ~o comp i1c £BU2 - e r - :
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$ I D E N I  < u s c - r i :~> , Y A D — U B U 2 , CO~~P l L E  D B U 2
$ FO R TY D ECK , t- F3ia . , ~LND , B CD
S F I L E  C* ,XlE ,IL ,N E~~,CSDBU2

S E L E C I . A < u s e r i d > / D B U / D B U 2 S
$ ENCJ3L~

i h e  s o u r c e -  f o r  t h e ;  ~~~rJ Rc~~ anal C~-~AP r o u t i n e s  a l o n g  w i t h  the
c o n t r o l  ca r c s  -a r e  in  C B U 2 S .  Th i s  j o b  p r o d u c e s  o b j e c t  f i l e s
n a - t i e d  C S L 6 U 2 , C S G L L N F O  a n d  C S D B U . 1 .

3.3.3 Parameter File

E~o t h  D E U 1  a-nd C B U 2  use  t h e  same file to maint ain
informa tion for each data base. As each data - base ~s
init ialized for the first time , i t s  “vital statistics ” a-re-
wri tt-: n into the file. The file must be created , h o w e v e r , by
ei ther the Sy.3tom Administrator or the Data Pa-se Administrator.
The filen ame is < userid>/DBPA~~~F. CBU1 and DBU2 can be made to
r e f e r e n ce an o th e r  s t a t i s t i c s  f i le  by using t h e  PF c o m m a n d .  See
the Data ~ase Utility One a-nd Data Base  U t i l i t y  Two a a n u a l  f o r
de t a ii S.
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3 . 4  P r e s c a n

P r c - s c a n  is a n o t h e r  rroqr am that ca-n be-’ cce filed er~ nut ir
U~ f o r m a t  f o r  g e n e r a l  u se  w i t h o u t  th e m a c r o  pac~ a- i-: . There is a
v e r s i o n  c~ P r e s c a n  tna -t r u n s  i n  b a t c h  a-rd on- :  th at runs in
time—sharing . The ti r r c— sha rin g version is d i s t r i b u t e d  wi t i

~AD~’i~~; the batch version is a-va i i— b le upon rec’ue~~t

Pr e-scan is a- fr c - standing ~r o q r a m  w r i tt en in  FO~~F~ A~ -a nd
cont ai n a -ci in one C i i :- , hP BE3C/~N . To coma - il e - ~nc inst all th-:
t i a - e - -—sh a - r iri g ~e-r si on in li* Com a t , t y pe  OLD a-PF~ESCAh and t-Ua-
u nd cr tn-a- YFOl~ syste m. The fir st line of SPnESC-~ is  a r un
c o s r a - n e  which st o r e - - s th~ ~~ in a file na -ma -a- k~bESC (i .

PNES Ca-’~ canno t be run until the schee.;: dc -scr iction ha-s r e - n
com oi lcd by the DOL comeiler because PRESC-~- N uses one of tna-
f i l e - - s created by the CDL a-s input.

3 . u  E a t :  D e f i n i t i o n  L a n qj me C o i r e i l e r  ( C D L )

The  D a t a  D e f i n i t i o n  L a n g u a g e  c c m rj i l c - r i n  s u r p l i e d  jr H *
f o r m a t ;  t h e r e f o r e , t h e r e  is no i n s t a l l a t i o n  n r o c e d u r e .

I—il
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Da t a - Ta--Thee ndent Assemblies

~i j s  s e c t i o n  e x p l a i n s  a s s em b l i n g  those  p a r t s  of MADMA N
T h i c r i  r e c u i r e  t h -~ m a - c r o  p a c k a g e  and  w h i c h  need to  be a s s e m b le d
only once . ~hcse assembli es a-re referred to as data i n d e pe n d e n t
be cause tray do not have to be rcceat-a-’ ~or each new data base.
Inclu ded in t a - is group are the source files for the Page i~a n a g c r
(PL) , the Lute :-ani .pu lation Language Processor (DMLP) and the
Ectel r~’~N L a n g u a c ~e I n t e r fa c e  ( F L I ) .  A l l  of t h e s e  s o u r c e  f i l e s  a re
e s s e n t i a l l y  w r i t t e n  in  a m a c r o  l a n g u a g e .

E x c e p t  f o r  t h e  F L I , t h e  resulting object files are used in
every CUPS. The ELI ’s object file is loaded w i t h  every
a -p nli c a tio n progr am a-rd D E U 2 ;  b u t , because  i t  is independent of
the schema cicscription , it is assembled only once.

3 . h . l  Page M anager (PM)

‘ihe con t ro l  c a r d s  f o r  a s s e m b l i n g  the Page Manager are:

S lDL~ T <us erid> ,*P~ GE * ,A S SE M B L E  THE PAGE M A N A G E R
DE CK

$ LPI ITS 5U ,59K , , 50K
$ PEMFL ~~~~~~~~~~~~~~~~~~~~~~~~~~~

F I L E  C* ,Xl l~,5L ,N E ~~,C SP A GM AN
$ I A P E  *l ,x2R
4 SE LEC TA < u s e r i d >/D~~~S/APPAC’,~1ANS E L E C r A  < u s e r  i c l > / D B M S / M A C E Q U S

S E L E C I A  < u s e r i d > / U 1 3 ?~S/ E Q U A L S
$ ~— E L E C t A  < u s e r i d > / D B M S / D A T A

S E L E C I A  < u s e r i c i > / D B M S / P A G M A N
ENDJOL’

‘Ihe *1 file is  p u t  on t a p e  b e c a u s e  i t  grows to more t h a n  one
tr illion words.

THIS PAGE IS BEST ~J\L iI~ ?x A IGA~~~~
CO~~ FU~~~iux~~~ w ~~~ ~~~~~~~~~
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3 . b . 2  D a t a  P a - n i p u l a - t i o n  L a n g u a g e  P r o c e s s o r  ( D ~-~L P )

Ten se-p a-rate assei:blies are reauircd to c r c - a t e  t h e  c~atai n d e ce n d en t o b j e c t  f i l e s  to r  th e  D i~.LP. The control ca -re~s a-re
the same for each a s s e tb l y  e x c e p t  f o r  the names of two of the
s o u r c e  file - -s.

S IDENI <u semid > ,*<naiTe>* ,L L P  <name> SECTICI--
S G:-7\P DECK
$ L I l ~I r S  < l i i r i t s > , , 4 u K
$ SL L E~~-rA < u s e r  id>/Dl3 ’:/~ G < n a r r e >
S t~FLEC’l A < u s e r i - a - > / D B Y S/ b - ’\CE Q US
-~ SELFC’~A <usc r id > /DB -’i S/t-~UA LS
5 SELEC~~\ <us eri~~>/D~~~E/DA’J i~

~ i LE C ’fh  < u s e r i d > / D E a -~5/ < n a r ~e>
Pi-d~:FL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
F I L E
L~~D33B

< u s e r  i -u >  is t h L  u s e r  n l a s t  r catalog
< n a m e >  is  tha - n a m e  of t h e  C-~~LP s e c t i o n
< U n i t s >  is tho a - m o u n t  of t i m e  a - n e~ co re - -  r c - c u i r : . d

f o r  a s s e m b l y

‘the v a l u e s  f o r  < n a m e >  a - n d  < l i m i t s >  are:

< n a - se - > < limits>

IC’IAIM 3u ,58K
‘;cVLI3 1 ,57K

24 , 57K
CET 15 ,57K
V EY
FIND 24 , 7K

2u , 3~~i<
FINDA l5 , 7K

C~~GI~~C l5 ,5_ /i-~

3. ’ .3 FORTkA:: l: .riu ago Int er f a c e  (ELI)

‘ihi e ELI coes n r el i n - i n a - r y checkin g on the a r g u m e n t s  g i v e n  i n
the aE r :Iic ation ~rogr~~m ’s calls to t’~-: C~~LP a -n a - passes these
a r - l u m e n t s  t o  tb a-~4-ro;- r iatc DB~ E using Intercom I/O . The
object f i l e  f r o m  t h i s  a s s - .- m b l y  m u s t  be l o a d e d  w i t h  ~~ ch
a t - b - l i c a - t i o n  ~; r O q r a - t i -  a-nd - a - i s o  w i t h  D R U 2 .
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The control cards for the ELI assembly are :

$ IDEN’l <use - ri d > ,*F L I * ,A SSE~ BLE E L I
$ G~~AP OE C K
$ LI~-1ITS U5 ,57~K , , 4ut’~

PRC~FL ** ,p ,n ,<us erid>/ t~Aci~iAC Rcs
F I L E  C* ,X1D ,l U L ,NE~i ,CS I O F L I
SEL ECT~ <useri d>/FLI/IOFLI

$ SELEC’IA <uscrid>/FLI/ FLIERR
EN DJO P

Control cards in the source files cause the object f i l e
C E F L I E i ~~ to be created .

~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~
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3.7 D a t a  D e p e n d e n t  A s s e m b l i e s

T h e r e  -a-re four c’ssemblics of d a t a  s o u r c e  f i l e s  r e o u i r a - d  f o r
each da ta base. These source files are generated by t b - a  CCL a - n i
dc-scri be the schema , the da ta base data filcs , the u EL r ’ s
b u f f e r s  for t he  DBMS , and the cia -ta ba-s-c re-cores for the ELI.

The  a s s e m b l i e s  of t h e s e  s o u r c e  f i l e s  c a n n o t  be- done until
the Data ~ase Administrator ha-s designed the data b-as- : :n:~ i t e
d e s c r i p t i o n  h a - s  been  c om p i l e d  by th e  D D L .

The con trol cards to assemble the four storage fi l e - s  arc a-s
f o l l o w s :

3 . 7 . 1  Schema  S t o r a g e

ihis assem bly uses the ‘ .L’ a-nd ‘ .0’ files produce d by the
DDL c o m p i l e r  to  g e n e r a t e  the -  t a b l e s  t h a t  ‘ha -sc r ibe  t h e  scher’:
organiz at ion. Its control cards a-re:

$ IDEN’l <us e ri d > ,<sch cm a- name > STG ,D1l :l~ SCHE~-e~- S1CSAC [
$ C Y A P  D E C K  -

$ LIM ITS 24 , 5ii K
$ PR M FL ** ,R ,R ,<use rj d>/~ AD i’iCR Q 5
$ F I L E  C* ,X 1 E ,luL ,rE;c ,<schem a- na-me> .SC

S[ LEC ’I ’ A < u s e r i d > / S T G / ~\P S C h- ] STG
$ SELECTA <u serid>/D2~1S/SACECUS
S SE L E C T A  < u s e r i c i > / D E M S / D C F S
$ :iELEC’i A <useri d> /<sch em a narra ->. L
$ SFL EC IA <userid>/ETG/SCHD [F

SELEC 1’.\ <user id>/<sc hcma
FiND

$ F~~DJOB

3 . 1 . 2  D a t a  Base  D a t a  F i l e s

The d a t a  base  d a t a  f i l e - s  d e s c r i b e -  t b c  a i r - c f i l e - s  t h a t
e v e n t u a l l y  w i l l  c o n t a i n  the -  d a t a .  ‘1-he o u t p u t  of t h i s  a s s -  m h l y
su p p i  ies  t h e  P a g e  M a n - :  i - r  w i t :  ~ -a:h  i n f o r m a t i o n  -~ s t h  na :~~-~ o l
t h e  d a t a  base  s t o r a - g e  f i l e s  a r i d  t h e  i ee q e s  ~ssi-ined tc --:ch a r  a - .
The  c o n t r o l  c a r e s  f o r  t b i s  a - s s n - h l y  ar c - :
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S IDE N’i <useri d> ,<s ch em c  name>DBS ,DB DATA F I L E S
G~]A P DE CK

$ F I L E  C* ,X 1R ,1L ,NEW ,<schema name>.PI
$ SELEC’ l A < u s e r i d > / S T G / P I U T
$ S E L E C ~~A <u s e r i d > / < s c h e ir a n a r n e > . A

END
S CNCJCB

3. 1 . 3  U s e r s ’ B u f f e r  ~ t or a g c

‘ Ih i s  a s sem b l y  g e n e r - a t e s  t he  b u f f e r s  i n  t h e  DB M S f o r  t h e
apclication programs. Six teen is the maximu m number of
applica tion programs that can be runnin g against a data base at
one tin- c- . Since asoroximat ely 2000 w o r d s  a r e  needed f o r  each
u s e r ’s b u f f e r , t h e  ~-ys tem Administrator has been given the
ability to change tnc m aximu m number of users a DEMS can accept.
The va-- ri -abl e NBUFS in file <userid>/USERBU FC at line 650
indic a- tOS the m ax i~ruiri n u m b e r  of u s e r s .  N B U F S  can  be a n y  v a l u e
fro m 1 throu gh lr~. T h e  r e s u l t s  of c h a n g i n g  N B U F S  to a - n y  n u m b e r
cu tsi: .e this range a - - re unpre dict able. ~-1AD -MAN is distributed
-~ itn NP-OFF set to 7.

ale-’:

u5U :CCt-S i :~-,i~UFS ,7:DEFT NE TIl E ~
- X I M U M  NU-VII3ER OF BUFFEkS

c h an q e  t h e  ‘ 7 ’  to  the desired value.

Th-a- contro l cards to assemble the users storage are:

$ I D E N~ <us erid > ,< s c h e m a  n a m e > U S R ,D~ MS U S E R  S T O R A G E
G t A P  DE C K

$ LI ’iITS 24 ,5~ K
$ P k R ’~FL ** , F , f< , < u s e r i d ) / ~4AD’~iA Cp O S
S F I L E C* ,X1~~,2L ,NEW ,<Ec he-n -ia- name> .US
$ SELF,CiA <userid>/STG/APUSRSTG
$ SEL E C ’1 t~ <u sc~r i u > / D F 3 M S / M A C E Q U S
$ SELEC’I A <userici>/$TG/USERBUFA

SELEC T A < u s e r i d > / ~ ’IG/MKSTR
$ S[LEC ’1 A < u s o r i c > / S I G / 1 J S E R B U E B

SLLECTA <userie>/<sch enia name>.L
S ‘ ELECTA <userid>/STG/USERBUFC
S ENDJC’D

I— l b
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3 . 7 . 4  Record  D e s c r ip t i o n  f o r  FLI

The pu rpose  of t h i s  assembly is to g e n e r a t e  the  tab les  t h a t
d e s c r i b e  to the  FLI the  r eco rds  of a particular data base. The
o b j e c t  f i l e  f r o m  t h i s  a s s e m b ly ,  a long  w i t h  the  FLI ob j ec t  f i l e,
must be- loaded with every application program that accesses the
particular data base.

The control cards for this assembly are:

$ IDENT <userid> ,< s c h e m a  n am e > F L I ,RECORD DESC FOR FLI
$ GM AP DECK
$ FILE C* ,X1R ,1L ,NEW ,<schema name> .I
$ sELECrA <userid> /<schema name>.W

E N D
$ E t - :DJCB
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3 . 8  MADMAN DBMS H* File

At this point all the object files necessary to put
together a DBMS for a data base have been made. To load all the
object files and store the result in program link (1-1*) format ,
use the following control cards.

$ I DEN T < u s e r i d > ,<schema name > ,M PDMAN DBMS
S OPTION NOGO , ERCNT/20/ ,SAVE/DBMS
$ LOWLOAD 3b
S USE .RTYP
$ E NTRY DBU1
$ SELECT <userid>/CSIOMAIN
$ S E L E C T  <userid>/CSMOVEIT
$ SELECT < u s e r i d > / C S S T O R E
$ SELECT < u s e r i d > / C S G E T
$ SELECT <userid>/CSVFY
$ SELECT < u s e r i d > / C S F I N D
$ SELECT <userid>/CSRMV
$ SELECT <userid>/CSF INDA
$ SELECT < userid > /CSFIN DK
$ SELECT <userid>/CSC HGINC
$ SELECT <userid>/CSPAGMAN
$ SELECT <userid>/CS<schema name>.SC
$ SELECT <userid>/CS<schema name>.PI
$ SELECT <userid>/CS<schema name> .US
$ SELECT <userid>/CSDBU 1
$ EXECUTE DUMP
$ L I M I T S  02 ,<core> ,—6K
$ FILE U* ,X1D ,50R ,NEW ,HS<schema name>
$ ENDJOB

<c ore> v a r i e s  d ep e n d i n g  upo n the  n u m b e r  of r e c o r d s  and  set
types in the schema and the number of users ’ buffers. 49K is
s u f f i c i e n t  to c r e a t e  most  MADMAN DBMS ’ s.
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3 . 9  S p a w n  F i l e  f o r  M AD F ~A~ D B M S

I n or d er to put a- cia -ta base - on—line (run the ~~* f i l e - ) a se t
of control cards mus t h~ out in a- soa wn file under th e us eri c~
OPNSUTIL. There mus t he a spawn file - - for each da t -c ba -Sc . The
name of the spawn file a-nd the snumb fcr th e job a-re the sche~ra
na -nc . Since the -- snumb is l i m i t e d  to fiv e cha - r a~:~~e r s or l ess ,
all schema names m ust also be: fiv e - characters or less.

The  c o n t e n t s  of ca-ch spawn file a - r e :

$ I D E N T  < u s c r i d > ,< s c h c r n e  n a m e > ,PUT M A D - A N  DP~~S ~N— LI~~L$ USE FU L < u s - e - r i d S p a s s w o r d >
$ LO~ LOPD
$ OP’l I~~d NU SElU

M A D M A N  e n v i r o n T e n t  c o n d i t i o n i n g  o b j e c t  de c k

$ E X E C UT E D U Y P , N J I<ES ~
S PRIvI’rY
$ LIMITS iU ,<corc > , , 9Y a ~~9
$ SELECT <useri zi>/<sch~-?rra name> .SL
$ F N D J OB

S e v e r a l  p a r t s  of t h e  s p a w n  f i l e  f l e e - c: e x o l a n a t i o n .  P r o b a b l y
mos t  i m p o r t a n t  is t h e  MA CMA N e n v i r o n m e n t  c o n d i t i o n i n g  r o u t i n e - .
I t s  p u r p o s e  is :

( 1)  To e s t a b l i s h  c e r t a i n  s y s t e m  p arameters
( 2 )  To r e a d  in  t h e  H* f i l e

The  s y s tem  p a r a m e t e r s  t h a t a - r e  m o d i f i e d  - a r e  tb-a  t i m e  l i m i t
and  t h e  I/ O o ucu e s  p o i n t e r  a - n d  counter. Th assure system
security, the routine r evokes privity a-ft ’- r  the changes cave
been mad e. The hits ind icating oriv ity are cleared in both the
.STJ\TE word and the table containina the ~rog r a -m ’s attributes.
As a further pr ecaution , the routin e also sets tb- : .SNPAI to
indicate that it is the lest activity of the job.

For sys tc :n- security reasons , this routir -e is supplied to
the  System Administrator on car — i s and each data - ba-se must be
s p a w n e d  f r o m  th op e r a t o r ’s console. (Sec the source l isti na of
the routine for documen t a tion.)

<core- > varies depcn dinq upon the number of set ty a -e- s End
record types in the cia - ta ba-sc’ and the maximum number of user
buff € -r s . The a lgorithm for <cor e> is:

17K for MAD MAN
rii K for users buff ers
n K f o r  CT h t~ ha-se d c -s crip ti or . stor a-ic ’
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c;here m is the- size of the user buffer storage (one user buffer
t a k c - s  a~~p r o x i m a t ’ - l y  2K w o r d s )  a -nd  n is t he  s i z e  of t he  DBMS
s c h e m a  s to r a g e  ~ 1 us the Page Manager storage.

‘ihe <sch eme nem e>.SL file permits the Data Base
~- d m i n i s t r - a t o r  to c o m r R u n i c a t e  w i t h  t he  D B M S .  I t  is in BCD card
f o r m a t  a - nd  i t  c o n ta i n s :

1. 1- control card indicating the 11* file to be run.

5 PR!IF L U * ,}~,R ,<userid>/HS<schema name>

2. ‘ih e con trol cards and/or data cards for communication
wi th CBU1 .

The two f i l e  codes  DC U 1 uses  f o r  c o m m u n i c a t i o n  a r e  IT f o r
inpu t a-nd EM for output. There a-re several options open to the
DI3 A f o r  a s s i g n i n g  EM a-nd IT. One is to put DAC cards in the
< s c h e m a  n a - m c > . S L  f i l e  f o r  t h e  two f i l e  codes .  T h i s  o p t i o n
c r e a t e - s a pseudo  t i m e — s h a r i n g  mode in  w h i c h  t h e  DBA C o n n e c t s  to
tne DENS with a termin al and responds to the reouests for input.
The control cards for this option a-re:

$ DAC
S DA C

/no ther option is to put the commands to D BU 1  in the
< s c n e m a  n a - m c • > . S L  f i l e .  The- control cards are:

SYSOU ’l E~-~
IT

comman ds to DBU1 (See Data Base Utility
Cne a-n d Data La-se Utility Two manual)

A third option is to use a PRMFL card for IT.

I f  the LISITS ca -rd in the spawn file is incorrect , it can
L. o v e r w r i t t e n  by p u t t i n q  a L I M I T S  c a r d  in t he  < s c h e m a  a a m e > . S L
f i l e .
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4. DAT P BA SE AD~~INI S’ 1~~ATO~ TASKS

For each  da ta bas e , there is a Da ta- Base A dm inistrator
(OBA ) who is responsible for desi gning the schema a-nc: d-esc ri h in~
it in such terms that the C a - t a  D e f i n i t i o n  Language c o a p i l e r
(DCL) ca-n compile it. Anoth er CS!- task is to put the 1L ’~S
on—line and to take it down. The DSP- i s  -also r e sp o n s i b l e  f o r
e x p l a i n i n g  to the  ap p l i c a t i o n  n r o~~r-emrre rs how to run Prescan ane
wh a-t control cards a-re necessary to run a-n aop lic et ion pro gram
( A D )  . —

‘ih e -  f o l l o w i n g  se c t i o n s  c I a - b o r a t e  on t h e -  DB A ’ s t a s k s .

4 . 1  C a - t a -  D e f i n i t i o n  Language Compiler (DDL~

One of the first tasks of the System A dmini strator is to
in stall the CDL compiler. The ti.re — sha -rin~ CCL corr r a - i ler is
norm ally supp lied with MAD MAM on the Hb ddu ; hoai vet the batch
vers ion is avail able upon re-ouest. In e i t h - - r  c a se  t h e  o n l y
inpu t is the ’ name of the file that contains tb-a sche-a- e
d e s c r i p t i o n .  The  f i l e  n a -me  m u s t  a l s o  be the data b a s e  n a m e .
Since the data base name is also used as a snuTb , it
conscaue nt ly the fil en a -m~ mus t be fi ve - charac ter s or less. ~~~
CDL c o i r p i l r r e a d s  e i t h e r  A S C I I  or  B CD f i l e s ;  t .h ’  r e - f o r - c , the-
sce( ’ra n chc scr p t i o n  f i l e  c a -n  be b u i l t  i n  t i n c — a n a - r i n - j. Se -a
C t L  m a n u al  f o r  d~~t .ails conc ernin -a schema de scr u - flan .

To r u n  the ’ t i n - c — s h a r i n g  v e r s i o n  of t h e  DCL c o r r e i l e r , un d e r
t h e  Y F C R system type-’ GET <user j r  >/ ‘~ ChLoUuU , — “ M-~~L” :n~1 t h e n  I- ”Ja .
CCL.

The control cards to r u n  thc  h e  t ch  D C L  c o m m i  I r  r a - r e

101aM’! <user id > ,DDL—HbUu J ,Cu’PIL [ htUUu ~AT~ EAS f
$ P E-’CG A~ CDLCMP

L I Y I ’ I a 1u ,5i~<
$ ~—~~V F L l i * , k , P , < u S e r i d > / P D D L U u U U
S P~-<”FL ** ,i~,j .~,<u5e - r jci> /j~CDL~~jJu
<ec hemu r. me>

‘ lhr  o u t n - u t  of  t h e  C D L  c o m p i l e r  is  s i x  ~-~~C 1 I  f i l es , u s u a l l y
r - f -r red to as the - ’ dot. ( . )  file’~. The- < s c h e m e -  n cere> .~-’ f i l e  is
csc~- - n t i a 1 l y  a l i s t  m a  of the c o m p i l a t i o n .  The- <schem a- name> .L
f i l ~~, the- <scltea— ~ ncm c-> .C fil e ’ and th e <schema nr-me > .A file are
inr )u ts to t h e  E~ or r ic’ asa~ mhl j r~~ for tb-c DP~~S. The <schema
n - : - - ’ - > . h  C U e  is i n M u t  to t h e  s t o r a g e  a s s e m b l y  f o r  t h e  F OF~T RAN
L ’ niu - -~~- i n t e rf a c e (FLI). ‘in—: <sch-:-rr e n a - r n e > . F  f i l e -  is  i n ’~c u t  to
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t he  P r e s c a n  p r o g r a m . T h u s  t h e  S y s t e m  A d m i n i s t r a t o r  c a n n o t  b u i l d
a DBMS until the schema- description is successfull y compiled .

4.2 Runn ing a M A D M A N  D B M S

Unce the System Administr ator has c r e a t e d  a DB M S f o r  a
~a r t i c u l a r  d a t a  base , the Data Ma -se A dministrator is responsible
f o r  L u t t i n c j  i t  o n — l i n e  and s h u t t i n g  i t  d o w n .  To p u t  t h e  d a t a
ba-se on—line -, the D’~A

1. Pu ts the apPropriate control car in the
<schema na-m e> .SL file. This f il .- is in LCD card
f o r m a t .  It contains the PR~~FL c a r d i n - i c a - t i n g
t h e  D BM S 11* f i l e  and  t h e  c o n t r o l  c a r d s  a n d/ o r
na- ta cares for DBU1 input a-ne - i output. ( S i - c
S y s t em  A d m i n i s t r a t o r ’ s ‘I a - s k s , s e c t i o n  I X  and
the Da t a  Base U t i l i t y  One- a -n d  Da-~~a Ba-se
Uti l i t y Two m a n u a l ) .

2. A sks the comm uter operator to spawn ~‘1ADNA ~ CL~ S
f o r  the p - e r t i c u 1~~r data - base. The spawn file ha-s
t h e  s a m e  m an i c as t h e  d a t a  base  a-nd t h e  s c h em a  d e s c r ip t i o n
file. This nan— c becomes the snumb; therefore , i t  m u s t
b e- five char acters or less.

3. I f  DAC is  us ed  to c o m m u n i c a t e  w i t h  t h e  D B U1 ,
t h e  DB P c a n  now c o n n e c t  to the  D BM S w i t h  a
terminal.

b shut the data - base down or to c o m m u n i c a t e  w i t h  t he  DBMS
a f t e r  t he  d a t a -  b a se  is o n — l i n e , t he  EBA r u n s  D B U 2 .  The
communic a tion with DBU2 is accomplished through DAC. The DBA
connects to DBU2 after D8U2 is initiated under CARDIN . Input
and  o u t p u t  is then performed in a pseudo time—sharing
environ m ‘ant.

DBU2 ca-n also be run strictly batch. See the Data Base
Utility One a-nd Data Base Utility Two manual for details.

The con trol cards to run DBU2 a-re:

$ IDENI <us erid> ,**DBU2** , RUN MADMAN DBU2
$ OP’IION F O R T R A N

USE .R T Y P
$ USE .GTLIT
$ SELECT <useri -J>/CSDBU2
S SELECT <userid>/CSGEINFO

1—22
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SELECT <userid>/CSDSU2 .I
5 SELEc’r <userid>/CSI CFLI
S SELECt <userid>/CSFL~I R R k
S E N T R Y  D B U 2
$ E X E CU TE D U M P
$ DA C U S

DAC U 6
S ENCJOI3

See t h e  D a t a  ‘~a se  U t i l i t y  O n e  a -nd  D a t a  B a-se U t i l i t y  Two
manual for the commands availabl e to DBU1 a-nd DBU2.
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4.3 Prcscan

Prescan is avai lab le in both a batch and a time—sharing
version. The time—sharing version is distributed with MA DMAN;
t h e  b a t c h  v e r s i o n  is a va i l a b l e  upon r e a u e s t.

B e f o r e  P r e s c e n  c a -n  be r u n , the  S y s t e m  A d m i n i s t r a t o r  mu s t
m a k e  t h e  Prescan H* file and the Data Base A d m i n i s t r a t o r  mus t
successfully compile the schema description. The input to
Prescan is the <schema na-me> .F file produced by the DDE compiler
and a FORIRAN applicat ion program (AP). The output is a FORTRAN
progr am tha t contains the AP a-nd labeled commons a-nd variables
r e l a t e d  to t he  schema .

To run Prescan in time—sharing at the  SYSTEM? Level , t y pe
/ P P ES C AN

Sec the Prescan manual for details.

The control cards to compile the application program after
it has been through Prescan are

I D E N T  < u s e r i U > , < i d e n t i f i c a - t i o n >
$ FOWl ? D E C K , A S C I I , < ot h e r  o p t i o n s >
$ SELE CTA < u s e r i c l > / < f i l e n a m e >
$ F I L E  C* , X 1D , 1L , NE W ,<object filename>
$ ENDJOB

1—2 4
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4 . 4  R u n n i n g  a n  A p p l i c a t i o n  P r o g r a m

A f t e r  t h e  F O P I R A N  L a n g u a g e  I n t e r f a c e  ( F L I )  h a s  bee n
ass~~i i h  led , the- F L I  storage for the given data bE-se h a - s  been
a sse mb l ed a nd t h e  a p p l i c a t ion  c r o g r a r  ( A P )  h a s  been c o m p i l e d ,
t h e A1~ can  he r u n  ( a s s u m i n c a  t h e  D BM S is o n — l i n e )

‘l h .: c o n t r o l  c a r d s  to “ l o a d  a -nd  go ” a r e :

a IDENI <us c rid > ,<iden tification>
S LC~ LOAD
S 3P’IIOd FCRTRP.N
S S E L E C 1 < u s e r i d > / < A P  o b j e c t  f i l e >
5 SILECI <userid> /CSIOFLI
-i SELF .C1’ <us erid> /CSFLIE RR
a- ~‘E L E C i < u s e r i d > / < s c h e m a  n a m e > . T
$ U S - C . G I ’L I I
S

o t h L - r c o n t r o l  c a r d s  a n d / o r  e at a

1—25
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5. ADDING NEW MADMAN DBMS ’s

The m e c h a n i s m  t h a t  t a i l o r s  a MADMAN DBMS to  a- p a r t i c u l a r
d a t a  base  is the  t a b l e s  c r e a t e d  by the  DDL c o mp i l e r .  For  t h e
second , t h i r d , n t h  DB I~S , t h e r e f o r e , o n l y  t h e  s t o r a g e  f i l e s  need
r e — a s s e m b l y .  The S y s t e m  A d m i n i s t r a t o r ’ s t a s k s  f o r  a d d i n g  a n e w
DBMS once  t he  f i r s t  one is i n s t a l l e d  a r e :

1. ~ssen ’b le  t h e  d a t a  d e p e n d e n t  f i l e s
(System Administrator Tasks , S e c t i o n  V I I )

2. f~jke th e DBMS H* f i l e
(System Administrator Tasks , Sec t i on  V I I I )

3. C r e a t e  t h e  s p aw n  f i l e
(System Administr ator Tasks , S e c t i o n IX )

The  S y st em  A d m i n i s t r a t o r  may  a l s o  h a v e  to e x p a n d  t he
in ter—slave communic ation table.

The Dat a -  B ase  A d m i n i s t r a t o r  t a s k s , ho~~e a a r , a l l  d~e r i ’; --
their input fro m the de scrip tion of the particular e at n base .
T h u s  t h e  DBA m u s t  r e p e at  e v e r y  t a s k  f o r  cach new data base.

1—26
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1. L A N G U A G E  S P E C I F I C A T I O N S  f o r  DDL

Ihis section contains language specifications for the Data
D e s c r i p t i o n  L a n g u a g e .

1.1 Notation

1. A c o n s t r u c t  e n c l o s e d  in  s q u a r e  b r a c k e t s  ( H )  is o pt i o n a l
a -nd  m a y  be o m i t t e d  f r o m  t h e  s o u r c e  s c h e m a .  T h i s  n o t a t i o n
is  used  to d e s i g n a t e  o p t i o n a l  c o n s t r u c t s  whose  p r e s e n c e
or a b s e n c e  a l t e r s  t he  m e a n i n g  of t he  s c h e m a .

2 .  A c o n s t r u c t  e n c l o se e  by “ { “  and “ }
~~~

“ may be repea ted i n
t h e  s o u r c e  s c h e ma .  I f  t h e  b r a c e s  a r e  o m i t t e d , t h e  “

~~~~
“

a p p l i e s  to t h e  i m m e d i a t e l y  p r e c e d i n g  m e t a v a r i a b l e  or
op t ional construct.

1~. It repetition of an optional construct is indicated , a
m i n i m u m  of z e r o  o c c u r r e n c e s  is a l l o w e d .

4. Words in the source schema must be separated by a spa-ce
c h a r a c t e r , comm a , s e m i c o l o n , c a r r i a g e  r e t u r n , or a n y
con h i n a t  i on  t h e re o f

5 .  Lxc ep t as no ted above , i tems enclosed by angular brackets
( < , )  d e n o t e  v a r ia b l e s  f o r  w h i c h  a p p r o p r i a t e  v a l u e s  m u s t
b substitu tud in the - 3ource schema , a-nd i tems not so
c e - c l o s e d  a r e  l i t e ra l s  w h i c h  m u s t  a p p e a r  as g i v e n  in t h e
s y n t a x .  U n d e r l ~~n e d  l i t e r a l s  a - r e  m a n d a t o r y ,  and  t hose  n o t
ur H r U n e - c l  m a y  be o m i t t e d  wi t h o u t  a l t e r i n g  t h e  m e a n i n g  of
t h e  s c n e m a .

n . Exclamation points (1) are used to delimit comments in
t b -  s o u r c e  s c h e m a .  A l l  c h a r a c t e r s  b e t w e e n  and i n c l u d i n g
p aired exclamation points will be ig n o r e d  by the
compiler. Such comments may appear anywhere in the
sour ce schema that a space character may appear , and w i l l
be tr ea ted a~ a space.

II— 3
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1.4 Semantics and Notes

GENERA L:

The use of any  c h a r a c t e r  n o t  d e f i n e d  h e r e  w i l l  p r o d u c e  an  e r r o r
message and require that the line be re—input to the compiler
from the point of error.

Th e v a l u e  of < i d e n t i f i e r >  may never duplicate a reserved word.

DDL :

The DDL is t he  l a n g u a g e  f o r  d e s c r i b i n g  t h e  s t r u c t u r e  of 3 da ta
base. The description writ ten in the DDL is the source schema .
The source schema consists of five parts:

A schema id sec t ion w h i c h  i den t i f i e s  the schema ,
An o p t i o n a l  access control Section ,
A storage area description sec tion ,
A record descri ption section , and
A set description section.

ID SECTIO N :

<schema name> is the identifier used to reference the schema and
distinguish it from other schemata. Schema n am e s  m a y  be a
m a x i m u m  of five characters in length.

V E R S I O N  <integer> specifies the version or generation of sch c :rna
having t h i s  name .

< r e l e a s e >  specifics the version of th ’ E~DL in ~-~~ic~- tn - - sou rc c -’
schema is w r i t t e n .  I f  the  c o m p i l e r  is n o t  CO~ . r l  of - c cc ci oting
the  d e s i g n a t e d  v e r s i o n  of the  l an q u a g c - , an c-n or ncss~-c ge ~ i1 l be
generated and compilation will not be att cm ~- t -  ~.

ACCESS SECTION :

The access section defines applica tion proqr am aut f.ority keys
and d e f i n e s  symbol i c  names  f o r  g r o u p s  of t h e s e  k c ’ys .  These
specify the subse ts of the data base that are visible to
applica tion programs. Applications progra m s specify the
authori ty key or key group name in their INVOKE declarations and
DBOPEN procedure calls.

< k e y  d e c l a r a t i o n  list> names app lic .tion program a uthority keys.
A m a x i m u m  of 15 keys  m a y  be named .

< k e y  g r o u p >  d e f in e s  and  n a m e s  g r o u p s  of k e y s  f o r  c o n v e n i e n t
reference. <key group name> is the name given to the g r o u p  of
keys referenced in the corr e sponding <k y r e f e r e n c e
1 ist> a rguments.
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A p p e a r a n c e  of a key g r o u p  name in the source  schema is
e q u i v a l e n t  to a p p e a r a n c e  of i t s  assoc ia ted  k ey r e f e r e n c e  l i s t .
If key g r o u p  names  appear  on a key r e f er e n c e  l i s t , t h i s
equivalence is applied recursively.

Up to 32000 key groups may be declared .

Any key  may  be m e n t i o n e d  any n u m b e r  of t imes  in k ey  r e f e r e n c e
lis ts.

Circular def inition of key groups is not permitted .

If the access section is omitted , all programs are granted full
access to all portions of the data base.

In a n y  case , a special authority key DBAKEY available only to
the da ta base administr ator permits unrestricted access to the
en tire data base. This key need not be declared or included in
any  key reference lis ts.

If a key reference list consists of a single key name , t hen  the
associa ted key group name is a synonym for the key name .

Key  -gr o u p  d e c l a r a t i o n s  are strictly for the convenience of the
DBA to avoid the need for repeated occurrences of identical
leng thy key lists in the source schema.

The ability to perform retriev a l operations on sets requires
read access to the owner record type as well as to any member
types being accessed .

A R EA SECT I ON :

The computer system is assumed to provide storage space composed
of fib s, which in turn consist of an assigned number of pages
of u n i f o r m  s i z e .  The n u m b e r  of pages  in a f i l e  is ass igned  by
the appropria te system control facilities.

The arc -a sec tion of the DDL defines portions of files to be used
for da ta storage.

E ach a r e a  is con t a i ne d in  a s i n g l e  f i l e  and occup ies  a s p e c i f i e d
num ber of pages within the ¶ i l e. Any page of a f i l e  may be
assigned a t most to one area.

Each occurrence of <are a declara tion> specifies one area of the
d a t i b as~- .

< a r C - i n a m e . > is  t h e  i d e n t i f i e r  by w h i c h  the  a r e a  is r e f e r e n c e d
e l s e w F er  in  the  s o u r c e  schema and i n  the  a p p l i c a t i o n  p r o g r a m .
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< f i l e  id>  i d e n t i f i e s  the  f i l e  w i t h i n  w h i c h  t he  a r e a  is b e i n g
defined . This must be in the form of an H6000 file designation:
“/name ” .

<integer> specifies the number of pages from the file to be used
fo r t h e  a r e a  be ing  s p e c i f i e d . A r e a s  a r e  a s s i g n e d  w i t h i n  the
file in the order in which their declarations are encountered .

The sum of all assignments specified by <integer> for any file
m a y  no t  exceed the  n u m b e r  of pages a v a i l a b l e  in the  f i l e .

A m i n i m u m  of one a r e a  m u s t  be s p e c i f i e d , and a m a x i m u m  of 127
rray be specified .

R ECO RD SECTION:

The purpose of the record section is to declare record types to
be stored in the data base , component items of these record
t ypes , and the storage stra tegy for each such record type .

Each occurrence of <record declara tion> declares one record
type .

A minimum of one and maximum of 60 record types may be d e c l a r e d
for MAD MAN on the H6000. For M A D M A N  on the PDP—ll , the maximum
is 127.

< r eco rd  n a m e >  is  t h e  i d e n ti f i e r  by w h i c h  t h e  record  type is
referenced in the ap plication program and elsewhere in the
source schema.

<read lock> specif ic’s authority keys which permit a program to
de tect occurrences of records of this type . A record may be
“detected ” if it w ill satisfy a FIND operation regardless of
w h e t h e r  or  n o t  t h e  p r o g r a m  h a s  access  to any d a t a  i t ems  w i t h i n
t h e  r e c o r d .  This access is g r a n t e d  to a p r o g r a m  if  i t s
a u t h o r i t y  k e y  is contained either in < r e a d  l o c k >  or < w r i t e  l o c k >
o r in < u G e  ~c :k >  f o r  any  component  i tem of the  r e c o r d .  Thus ,
<read lock> ill normally specify only those authority keys for
whic i proqr ccm s arc:- to be a l l o w e d  to de ect o c c u r r e n c e s  of
r e c o r d s  of  t~~i~ t Yr c- , but f o r  w h i c h  no access is g r a n t e d  f o r  any
comp u n r -nt ite:! .

I f  C f l~~~ a u t h ~~r i t y  key  a~3p e a r s  in  < w r i t e  l o c k >  or in <u se  l o c k >
f o r  a n y  con[,onc !nt item , i t s  a p p e a r a n c e  in < r e a d  l o c k >  f o r  t h a t
rc - c o r e  i s  o p t i o n a l  and w i t h o u t  a d d i t i o n a l  e f f e c t .

< w r i t e  1~~ck> s p e c i f i e s  a u t h o r i t y  keys which p e r m i t  a p r o g r a m  to
modify, cr ’ut e , or des troy occurrenc es of records of this type .
Mod i f i c a t i o n  inclu l es a l te ni n -i item values and chang ing set
p a r t  i c i p a t  ion.
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A ; r o g r a m  whose a u t h o r i t y  key appea r s  in < w r i t e  l o c k>  may
initialize or modify only those items for which its authority

C key appears in <use lock>.

A s p e c i a l  authority key DBAKE Y a v a i l a b l e  o n l y  to the  DBA p e r m i t s
unrestricted access to the entire data base. This key need not
be mentioned in the lock declarations.

If the ACCESS SECTION is omitted from the source schema , no
locks may be declared. In this case , all programs have
unrestricted access to the entire data base.

<stor age strategy> specifies the algorithm to be used in
locating storage space for each newly—created occurrence of the
record type , and provides certain parameters to be used by the
algorithm.

If UNIQUE mode is specified :

When the data base is initialized , a single occurrence of
the record type is created and stored in the area and page
specified . All items are initialized to binary zero.
Additional record occurrences may not be created , nor may
the single occurrence be destroyed .

UNIQUE records may not be members of any set.

Curing the lifetime of any run unit , the sing le occurrence
of each UNIQUE record is always current of its type . It
may or may not be available to the run unit , depending on
authority key. A UNIQUE record may be accessed by name as
current of its type without use of or reference to its data
base key , set membership, or other conditio nr or criteria.

Ex cept for the above restrictions , UNIQUE r ecords  may be
d eclar ed and utilized in the same manner as any other
r- ’cord.

Any set owned by a UNIQUE record is termed a “ s i n g u l a r ”
s - t. Every such set is always the current set of its type .

If DIRECT storage mode is specified :

‘Ihe app lic rition program creating each occurrence of the
r e c o r d  type  m u s t  s p e c i f y  the  a r e a  and page n u m b e r  w h e r e  the

C record is to be stored . If no space is available on the
des i g n a t e d  page , an error is returned and the record is no t
cre ated . The designated area must be one of the areas
named by <area specification> .

If the optional <area specification> phrase is omitted , a l l
a r e a s  of t h e  data base are valid for storage of records of
t h e  type heing declared.
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l~RIS PAGE
~~OI4 ~~~ 

BEST QUALITY FR~CIIc~~~~

i f  I N T E R V A L  s t o r a g e  m’ode is s p e c i f i e d:

- -
~ The  DB~1S w i l l  m a i n t a i n  a “ c u r r e n t  a r e a ” d e s i g n a t o r  f o r  t h e

r e c o r d  t y p e .  T h i s  w i l l  be g l o b a l  to a l l  run units , and
w i l l  p o i n t  to one of t h e  a r e a s  of < a r e a  s p e c i fi c a t i o n > .

The DBMS will also maintain an “a p p e n d  poi n t e r ” f o r  each
a r e a  of t h e  d a t a  b a s e .  r Ih . se w i l l  be g l o b a l  to all run
u n i t s , and  each  w i l l  p o i n t  to one p a g e  w i t h i n  i t s  a r e a .

E ach  I N T E R V A L  record is stored on the page designated by
the append pointer of the current area for the re-cord ty~~r

If sufficient space is not available on the page , the
append pointer is incremented by one and the process
repeated until space is found. If the end of tn~ a rc- C is
encountered , the append pointer is reset to the first of
the area , the current area designator is changed to ~oin t
to tb-a next area specified by <area specification> , e n- ada
process repeated . If there are no other areas on
<area specific ation> , the current arc- a de signator is reset
to the first area of <area specification>.

~hcnever the appe n-~ ao int e r for an arc -a is r c a - i t to tb
f i r s t  of tb- :- area , c l i  urrent area n~~si gn e tor s in tU- :]ta
b~~sa which are po int in~ to th at arc- a are chanq -a to
f l e x t  a r e a  of t h e i r  r : ~e t c t i v e  a r e a  so - c i f i c c t i o n z .  -. h - - r  - n
arc-a specification I:: exhaust ed , th : des ignator is re set to
the f i r s t  a r e a .

Once  spac’:- h a s  b ee n  l occ  ted for an INfEhV ~ L re corn , the
append P o i n t e r  whic a w S  u s e  is incr ernent — -d by <int e a-:- r >
p a g e s .  I f  the - - r - 1 of an ar e -a i s  e - n c o u r t : - r c - - - 1 , t h e  a r e a
a ppend  ~;o~~1 : t C : r i s  r e s t , c u r r e n t  a r c - a  d e s i g n a t o r s  a r c
c h a n g e d  as  g c - a - c r~~c i  ab o v e , a-nd the new I N I  L I~VA L append
p o i n t e r  i r ’ c r c m e n t - e l y  I n e  n u m b e r  of  p a g e s  by which the c-nd
of thC ..~ ~revi ou s a-ru: woul d have b c -en  e x c e e d - -i .  I n  o t n e r
w o r d s , < a r e a  s p e c i f i c a t i o n >  is t r e a t e d  a- s a s i n g l e ,
con t i g uous iog ical stor ag c - - see -c .

If PER <s et neeIe > m o - ~ is SUOC if leO

<set name> is c :es ig not c d the U r i m e  s t o r ag e  s e t  or  s i m o l y
the s t o r a g ’ -  set  f o r  the record type being defin ed. Stor aJ- ?
space f o r  each r e c o r d  o c c u r r e n c e  i s  l o c a te d  w i t h  r e s p e c t  to
the o c c u r r e n ce  of  < s e t  n a m e >  in  w h i c h  t h -  r e c o r d
p a rt i c i ee t es at the- tifl - C i t  i s  c r e a t e d .

The- r e - c o r d  t y p e  b r i n g  d c - f i n e d  m u s t  be an  a u t o m a t i c  m e m b e r
of <se t n a m e > .

Th e n o n r ’ -’servcd a -m i  r e s e r ve d  forms of PER <set na -rn ->
c o n t r o l  w h e t h e r  or  n o t  space  w i l l  be r e s e r v e d  i n  a d v a n ce

1 1 — 1 2
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for storing groups of members on each storage set
o c c u r r e n c e .

If the non re se rved  f o r m  is used , no space is r e s e r v e d  i n
advance of s toring occurrences of the recor d type bei ng
declared . When such a record occurrence is created , the
DBMS attempts to place it at its insertion point on the
storage set. That is , it attempts to find space on tb :-
pag e of the p r i o r , nex t , or owner record of the storage
SE N .  There  is no g u a r a n t e e  t h a t  s t o r a g e  w i l l  be a t t e m p t e d
on all three of these pages , nor of the order in which
these pages w i l l  be examined . If  i n s u f f i c i e n t  space is
a v a i l a b l e  on these pages , the areas named in
< a r e a  s p e c i f i c a t i o n>  a re  searched u n t i l  space is f o u n d .
This  search  uses a c u r r e n t  a rea  p o i n t e r  and a r e a  append
pointers as though the record type required INTERVAL
s t o r a g e  mode w i t h  an i n t e r v a l  v a l u e  of z e ro .

If the  o p t i o n a l  THEN p h r a s e  is o m i t t e d  and the r eco rd
canno t  be placed at  i t s  i n s e r t i o n  po in t , space is loca ted
by searching the area of the prior record from the
insertion point. No current area pointer or area append
pointer is used . Note that if all member types on a set
use the nonreserved set mode omitting the THEN phrase , then
members will always be stored in the area of the owner.

If the reserved set mode of storage strategy is used , then
space may be reserved in advance for groups of members on
the storage set. Blocks of reserved space are termed
“partitions ” . Each partition is associated with exactly
one storage set occurrence , and only eligible members of
that set occurrence may be stored in the partition.

The DBMS never moves records between partitions. If a
record is placed in a partition when it is created and
later reassigned to a different occurrence of its storage
set , it remains in its original partition as a “st r a n ger ”
recor d.

Partitions for a record having reserved set mode may be
created under two conditions: whenever a storage set owner
is created or whenever an eligible record is to be stored
and any existing partition has been filled . Partitions
created with the owner record are placed on the page of the
owner record and are termed “n e a r ” partitions. Other
partitions are termed “o”erflow ” partitions. Reserved
space insures the clustering of records which migh t
otherwise be scattered throughout the storage space.

Use of the optional term PERMANENTLY specifies “pe r m a n e n t”
partitions. Otherwise , “disappearing ” partitions are used .
A permanent partition retains its identity as reserved
storage space after being filled with member records. A
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d i n pp r - a r i n - ;  e r t i t i o r i  is  destroy ed once  i t  is  f i l l e d ,
l e e~~i n g  i t s  c o ;u p o n en t  r e c o r d s  st o r c -d as t h o u g h  t h e y  h a d
n e v C  r h-~ - n  p l a c -ci  i n  a p a r t i t i o n .  The  o p t i o n  a f f e c t s
r — u s e  of s pac e  v a c a t e d  by a c l e t e c ~ r e c o r d s  and  space
o v e r h e a d  r e a u i r e ~; to  m a i n t a i n  p a r t i t i o n s .

In  e i t h e r  ca s e , e a c h  s t o r a g e  set  o c c u r r e n c e  m a y  h a v e  one
p d r t i t i o n  i d e n t i f i e d  as  t h e  a c t i v e  p a r t i t i o n .  T h i s  is t h e
p a r t i t i o n  in  w h i c h  s p ace  is  a v a i l a b l e  f o r  m e m b e r s  to be
s t o r e d . ~her tfle o w n e r  a n - i  n e a r  p a r L i t i o n  a r c -  c r e a t e d , t h e
n e a r  p a r t i t i o n  is  t h e  a c t i v e -  p a r t i t i o n .  I f  t h e  s e t
u t i l i z e s  p e r r n a n n t  p a r t i t i o n s , t h e n  s e v e r a l  m a y  e x i s t
s i m u l t a n e o u s l y  f o r  a -n y  se t  o c c u r r e n c e .  H o w e v e r , o n l y  o ne
is c o n s i d e r e d  t h e  a c t i v e  p a r t i t i o n  a t  a - n y  t i m e .  I f
d i s a p p e a r i n g  par t i t i o n s  ar e  spe c i f i e d , a n y  se t o c c u r r e n c e
may h av- ~ onl y on e par t i t ion a t a t ime , a n d  t h a t m u s t be th e
ac tive partition.

I f  a r e c o r d  is  to be s t o r e d  in  p e r m a n e n t  c a r t i t i o n s , i t
w i l l  a l w a y s  be s t o r e d  in  a p a r t i t i o n .  - ‘Ih i s m ay be either
the pa r t i t i o n  a t  the i n s e r t ion  poi n t or the ac t i ve
par tition. If the record type specifi es disappearing
p a r t i t i o n s , a n d  if there is no spa-ce- in the appro p riate
p a r tit ion  on th e p a g e of the i n s e r t ion  po int , then the- DPYS
will a ttempt to store the record on the pa-g e of the
i n s e r t i o n  p o i n t  o u t s i d e  any partition. If this fails , the
a c t i ve  p a r t i t i o n  w i l l  be used .

O n l y  a r e a s  in  w h i c h  o w n e r s  of  < s e t  n a m e >  n a y  be stored may
be named in <area specific a tion—I>. Omission of
<area specif ica tion—i> from the PESERV ING p h r a s e -  i m p l i e s
all such areas not explicitly named for the re-core type
be ing declared. No area may be named more- than onc~a i n  the
<-a r i a  specific ation—i> phrases for a-ny record type .

~he neve- r an owner of <set name> is stored in any area named
or implied in <area specification—i> , the DBMS will attempt
to  r e s - r v c - , on t h e  s a m e  na - g e - , sp a -cc  f o r  at  l e a s t
< i n t e g e r — I >  a nd  no m o r e  t h a n  < i n t e q e r — 2 >  r e c o r d s  of t h e -
t y p e  b eing defined . If tb -a owner is being stored in a
p r ( v l o u s l y — r e s c - r v e d  s p a ce , n ew space  r e s e r v a t i o n  i s
e x t ’ - r n a l  to  t h i s  b u t  on t h e  sa .rnc p a - g a .  I f  t h e  o w n e r  b e i n g
s t o re d  is  e l i g i b l e  f o r  p l a c e m e n t  in  a p r e v i o u s l y — r e s e r v e d

i t  w i l l  be s t o r e c  t h e r e  e v e n  t h o u g h  space f o r
< i n t - i c - r - l >  n - e m b e r  r e c o r d s  c a n n o t  be r e s e r v e d  on t he  p a g e .
I n  t h i s  c a n - , t o e -  l a r g e s t  c o s s i b ie  S~~~CC ? w i l l  be reserved .

In all ot ber cases , the C~ MS w i l l  insure that a near
p r t  i t  i o n  a b i c  t o  c o n t a i n  at least <integer—i> members will
0 ’-  c r  ~~t -  d for each o w n e r  of < s e t  name>. Since the owner
of < s~~t ran -> m~a y  itself h av e a- stor age mode of UNIQUE ,

t c . ,  t h  5~~~~ - c e  c C a r c h  f o r  ~ r )~~5 m o d e s  w i l l  loca te
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a page wi th enough empty space to allow creation of the
o w n e r  r e c o r d  and n e a r  p a r t i t i o n s .

If the optional <integer —i> TO is omitted , then <integer—i>
is assumed equal to <ir iteger—2>.

< in teq er— l> may not exceed <inteqer—2>.

i te e t o t a l  space  r e o u i r e d  f o r  an o w n e r  of < se t  n a m e >  and a n y
n ear partitions may not exceed one page.

If the optional term EXCLUSIVE is used , the near parti tion
will be available only to the record type being specified .
O th e r w i s e , i t  w i l l  be shared by all record types having
r e s e r v e d  set  s t o r a g e  mode , t he  same use of the P E R M A N ENTLY
op t ion , and the same storage set owner. These other
records may be other member types on the same set , or
members of other set types.

If a par tition may be shared by multiple record types , the 
- -

m i n i m u m  size will be the largest of the various minima , and
t h e -  maximum will be the largest of the var i~ous m a x i m a ,
c o n v e r t e d  to w o r d s  of s tor a ~~e.

Th e  T H E N  p h r a s e  s p e c i f i e s  t he  m a n n e r  in  w h i c h  o v e r f l o w
pa rtitions are to be created . <integer—3 > and <integer—4>
s p e c i f y  the minimum and maximum number of records to be
accommoda ted in each overflow partition. when an overflow
p a r t i t i o n  m u s t  be c r e a t e d , t h e  DBMS f i r s t  t r i e s  the  page  of
the i n s e r t i o n  p o i n t .  I f  t h e r e  is n o t  a d e c u a te  space on
t h i s  a -g e , t h e  areas specified in <area - n -reci fication—2>
ar c s c - a r c h e d  u n t i l  a page  w i t h e n o u g h  ~pacc- is found .
Ciba -se areas are searched using area append pointers and a
c u r r e n t  a r e a  s o in t e r , as in  t h e  n o n r e s e r v e c i  s e t  m o d e .

< a d j u s t m e n t >  s p e c i fi c - s  o p t i o n a l  s p e c i a l  t r ea tmen t of the
fir s t overflow allocation. IM fr~EDIATELY specifies that onl y
th e Sor c i f i e d  near partition is to be placed on the page of
the owner. Once the near partition is filled , no a t tempt
i S  r r a ( re to create an overflow partition or use “c r a c k
f i l l i n g ” on the page  of t h e  o w n e r  even  t h o u g h  space may  be
av a ilabl e. The  overflow areas are used as soon as the near
n e r t i t i o n  c a n a c i t y  i s  e x c e e d e d .

T 1  31 sp e c i f i e s  that the initial allocation plus first
o:crflow allocation must eaual at least <integer—2>
r e - c o r o s .  ADJ 2 s p e c i f i e s  that the  i n i t i a l  a l l o c a t ion  p l u s
f i r s t  o v e r f l o w  a l l o c a t i o n  m u s t  e o u al  a t  l e a s t  < i n t e g e r — 2 >
pl us < i n t e g e r — i >  records. All other overflow allocations
are in the- range <integer—3> to <integer—4> records.
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A value- of zero for <integer—2> indicates that no space is
to be reserved when the owner is stored . “Crack—filling ”
will be att empt ed unless I~ MEDIAT ELY is specified .

The P E~R < s e t  n a m e >  o p t i o n s  d e s c r i b e d  a b o v e  p e r m i t
specific ation of nc-ar and near—star strate gies in both
comp etitive- a-nd reserved forms. Samples:

Near—competitive (IDS “n e a r ”):
PER SLOPPYSE’I

N e a r — r e s e r v e d :
PER CLOSEBYSET RESERVING 5 TO 10 NEAR OWNER

THEN 10 TO 15 IN A REAS ALPHA , B ETA

N e a r — s t a r  ( i m m e d i a t e  o v e r f l o w  r e s e r v e d ) :
PER FARAWAYS ET RESERVING u NEAR O.~N E R  THEN

I N ~’1EDIATELY 15 TO 20 IN ANEAS BLIGHTED

If PER CI-LC i s s p e c i f ie d , the CALC set is the store - -ge set
for tne reco rd type . <are- a- specification> gives tb-a a rc -a - s
over w h i e - , r e cor d occurrences r a n d o m i z e .  E a c h  ~ a g e  of t n e
da ta b- :s~ con La ins a CALC set owner occur rence- , -and :r-.
storage- in cu iv a lent to the nonr ese rved set moor- with no
area spe c i t i c~~tion.

If PER CALC is specified , the record t ype  being ~pec ificd -
rust be named a-s a CALC set memb er in the set section of
t h e  s c h em a .

<i tem d e c l a r a t i o n >  defines component items ~ r th a ra -- cor d .

<item nam e> is t h e  i d e n t i f i e r  by w h i c h  t h e  item is re fer -nc-c d
e l s e w h e r e  i n  t o e  schema a-nd in the application program.

<in teger> defines the item size in bytes.

T he  v a l u e  of <integer> must bo v a lid for the mode specified :
INTEGER mode may specify 1— to 15—byte items
RE A L mode may  s p e c i fy  4— or ~—hyt e items
CHARAC IER mode may specify 1— to 127—byte (character) items

<occurrences> spec ifies the number of occurrences of t h e  item in
each record occurrence. If omitted , this is assumed eaual to
one. Multiply—occurring items a -r i - seen as o n e — d i m e n s i o na l
arrays by the applica tion program.

<use lock> specifies the authority keys which permit transfer of
the item value to the UWA. If a- run unit ’s authority key is
contained in <key reference list> , the run unit will be allowed
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to detect occurrences of the record type and the item value will
be’ mad e available in the UWA by a GET or CBTN function
referencing this record type .

If a run unit’ s authority key appears in both <use lock> for a5
i t e m  a n d < w r i t e  lock> for the record type in which the item
a p p e a r s , t h e n  t h e  r u n  u n i t  may modify values of the item.

A s p e c i a l  a u t h o r i t y  key  a v a i l a b l e  o n l y  to t tit ~ DB A p e r m i t s
u n r e s t r i c t e d  access  to t he  e n t i r e  d a t a  ba se .  T h i s  k e y  n c - c d  n o t
be specified in any lock declarations.

I f t h e A C CE SS S E C T I O N  is omitted from the source schema , no
l o c k s  m a y  be d e c la r e d .

The  R E C O R D  N U L L  f o r m  of r e c o r d  specification causes the next
secuential value of the internal record type desi gnation to be
as s i g ned as an invali d value. Any D~ L f u n c t ion u s i n g  an i n v a l i d
type designation as an argument w i l l  return an error.

Va lues of internal record type designation are assigned
seo~ r n t i a l l y  as re cord de cl a rations arc encountered in m c
so u r ce sc h~~r~~. IDNL functions use internal type desi g n a t i o n
valu es as a r qu n c n t : .

O i ‘1 0 C I e~ N

1- ch occurr- - n c c  of  < s e t  d e c l a r a t i o n >  defines one set type . <set
attributes> dc -fin e -s the set—level characteristics , and <member
c’:-c~~i ea L1or !> dc-fines member—l evel characteristics for one or
acr e e r r - r re-coro types. SET CALC specifies the randomizing
SCS w5 o:~ - a-~~t r i 0 u t - ’ -  are system— defined , and < c a i c  d e c l a r a t i o n >
d c - f i n  s -~~- ‘r h e r s  of  t h i s  s e t .

<oc t name > declares the identifier by which the set type is
r e f ’ r c n c ~ d elsewhere in the source schema- and in the application
cog re -n - .

~h C  c o s r - i l c - r a s s i g n s  type n u m b e r s  to s e t s  d e p e n d i n g  upon t h e i r
o r d e r  of  d e c l a r a t i o n  in  the  s o u r c e  s c h em a .  The r e s e r v e d  w o r d

— N U L L  r e v he u s e d  f o r  < s e t  n a m e >  to  s u por e s s  a s s i g n m e n t  of t h - --±
n e x ~ t y p e  n u m b e r  in  t h e  n o r m a l  se a u e n c e .  In  t h i s  case , t h e
r m a i n d c r  of < s e t  d e c l a r a t i e n >  is  i g n o r r d  a -n a may be omitted .
Such ar t i f i c i a l  set d ec- l a r a t i n - a  have no eff ect other than te

control type number assignm n t .

<r e -cord name> defines the owner rc-cor ce type for the set.

< j r a - e r t~~on> sp e cifi es the ordering r u i r s  for the set:
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THIS PACP~ 
JC P5” ‘i~ ~~iCABI~

~~~ ~~~~~~~~~~~~~~~~~~~~

FI RST or LAST: New members are inserted as first or last. of
member sequence , respec t i v e l y ,  on selected se t
occurrence.

B E F O R E  or A F T E R :  N e w  m embe rs  ar e  inse r ted b e f o r e  or af ter
t h e  ‘ c u r r e n t  of s e t ’  of t h e  s e l e c t e d  set  o c c u r r e n c e .

S O R T E D :  M e m b e r s  a- re sorted on sort keys specified as part of
t h e  m em b e r  d e c l a r a t i o n s .  E a c h  se t  o c c u r r e n c e
c o n s t i t u t e s  one  s o r t e d  s e a u e n c e  of member records.

3or<IE D WI TUIN ’lYPE: O c c u r r e n c e s  of each member  type on the
se t a r e  sor ted on sor t k e y s  s p e c i f ied as p a r t of the
m e m b e r  d e c l a r a t i o n s .  O t h e r w i s e , m e m b e r  s e a u e n ce  is
d e t e r m i n e d  i n  a m a n n e r conv en i e n t to t h e  D B M S .

I N D E X E D :  Se t  m e m b e r s  ar ~ sor ted as w i t h  t h e  S O R T E D  o p t i o n ,
b u t  i n  a d d i t i o n  t h e  s y s t e m  m a i n t a i n s  an in dex  a l l o w i n g
acc e ss to me mb e r s  f o r  g i v e n  sor t k e y  v a l u e s  w i t h o u t
e x h a u s t i v e -  s e a r c h i n g  of t h e  s e t .

< l i n k  t y p e >  s p e c i f i e s  o p t i o n - a l p o i n t e r s  w h i c h  m a y  be used in
a d d i t i o n  to t h e  r e a u i r c d  ‘ n e x t ’  p o i n t e r  f o r  t h e  s e t :

P R I O R :  E a c h  record contains a p o i n t e r  to t h e  p r e v i o u s  r e c o r d
of t h e  s e t  ( r e v e r s e  s e t  o r d e r )

OWNER : Each m en-her contains a pointer to the owner of t h e
set occurre nce in which it p articipates.

LAST:  The o w n e r  con t a i ns  a poi nt er  to t h e  l a s t  m e m b e r .  I f
P R I O R  or  I NS E RT L A S I is  s p e c i f i e d , s u c h  a p o i n ter is
presen t a-nd LIr~K L/\S IC is without additional effect.

Each occurrence of <mem ber decl a ration> declares one member
record type on the set being cle fine fl . <record name> is the
r e c o r d type b e i n g  declared a- member.

AUTOMATIC membership ce-usc- s each record occurrenc e- to he
assigned to a set o c c u r r e n c e  by t h e  DB MS w h e n  t h e  r e c o r d  is
create d.

M A N U A L  m e m b e r~ - hip r c- ouir es th at the application program assign
set  m e m b e r s h i o  by m e a n s  of t h e  I N S E R T  n r o c e d u r e .

MA NDATORY m e m b e r s h i p spe c i f i e s  t ha t once  an o c c u r r e n c e  of t h e
record type is ma de a member of a-- ny occurrence of the set type
t h e n  i t  w i l l  a lw - :y s  he a m emb e r of some’ occurrence of that set
t ype . The r e c o r d  c an  be m o v e d  f r o m  on :- set  o c c u r r e n c e  to
a n o t h e r  by n e - - e n s -  o f  t h e  C N G S E T  p r o c e d u r e .
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THIS PAGE IS b i-:~ T c~UtI1 ? E e A ~~~1~ -~3L~
ii~u~1 L L~~ u~~~ 1 ~ ru~~ £ U thl C ~~~~~~

OPT IO NAL m e m b e r s h i p  sp e c i f i e s  tha t m e m b e r s h i p  in an occurence of
to— ~ se t is not permanent a-nd may be cancelled by means of the
REMOVE procedure.

FI XED membership specifies that once an ocaurrence of the record
t y p e  i s  m a d e  a m e m b e r  of a n y  o c c u r r e n c e  of t he  set  type  t h e n  i t
m u s t  r e m a i n  a n - e m b e r  of t h a t  occurrence of the set.

I f  thc o p t i o n a l  < m e m b e r s h i p >  p h r a s e  is  o m i t t e d , M A N D A T O R Y
A U I : - ’- I A - I IC m e m b e r s h i p  i s  a s s u m e d . I f  t h e  < m e m b e r s h i p >  p h r a s e
s p c- c i  f ic- s o n l y  A U T O N A 1  IC t h e n  ~O-’\ND’\TOkY A U T O M A T I C  m e m b e r s h i p  is
-:JSSUTcU . I f  t h e  ~ me~~b e r s h i p >  p n r a c c -  specifies o n l y  M A N U A L  t h e n
G P T I D N ~~L M A N U A L  n -rn -h arsh ip  i s  a s s ur e d .

SO~~’~ UN < i t e m -  l i s t >  designates component items of t h e  record
i a - h  a r e  to be c o n c a t e n a t e d  to f o r m  t he  s o r t  key  f o r  t h e  r e c o r d

on <n et n e -me> . The SORT ON p h r a s e  m u s t  be used if  t h e  set  is
SOP. ~-D , SCk~l L D  ~ II’HIN TYPE , or I N D E X E D , and may  no t  be used
othe rwise. The- major—to—minor sort sequence is the order in
-~ ic c iteSs ac-~r a - r  on < item list> . Any sort key component may

suc cifi ed ascendin g or descending . If neith -’r is specified ,
accend I r. q is a-ssue-ed .

< d u o  c o n t r o l >  s o n c i f i e s  a c t i o n  to  be t a k e n  i f  d u p l i c a t e  c o m b i n e d
sort Keys are- encountered on a s i n g le set occurrence. BEFORE
- a - n c  ~- F i L c  sue -cify th a t a dupi icate is  to be p l a ced  i m m e d i a t e l y
e - - e for e- or a f t e r  previously _ stored occurrences i n  t h e  se t
a - e c i u ’ - n ce - . i- EJL C T L D  su~ c if i s that set assignment is not to be
ma de , a n d  that en e r r o r  is to he- returned to the app lication
c r o r r a - ~ . I — I - [ h N L D  c e r m i r o  u~~1i c a t e s , w i t h  t he  o r d e r  w i t h i n  a n y
~r o u ; )  of  a u r a l i c e - C - -n d e t i - r m  in N in a- m a n n e r  c o n v e n i e n t  to t h e

p - ! - : ~ 3.

<c e - i c d:ci -ra t ic r . > sp e cif i c - s r m b ~~rs of the randomizing or ca-Ic
~~c ’ ~~ <recor d n e - a - > is t O :  rc-cor c tvne being assigned membership

-on  t o C -  s et , re -  < i t ~ it l i s t >  s o e - c i {i c s  i t e m s  used  f o r  set
a- - i c t i n n  a - n i  for sort e- yrr . l -:-ch such it -ri must be declared as
ar i~~-- -m in C r e c - a r s - a m  > , an - <record n - m e-> must specify the PER
C - L C  s t o r a g e : r~. t ’ - g y .

oc~ iu e i i  e r ’ ’ -  a- a- ‘-
~~~ 1 r - es t 0- - r and om 1 Z i ng p r o c e d u r e  to  be

-a-u i l - -ia i n  i~~~’aT, ii:~~>. If t n Is is o T l t t e - d , a st a n d a r d  s y s t e m
; ro c .-du r c is us ‘

Ic a- t i s  i- I 0 -c i ’! F! I N 1 Yb!. an~- li nked next.

‘lt ~- S E - F  .tbI or;: 01 set specification causes t h e  next
s’- v j r - n t i a - l  v a l u e  of  t h ’  i r t r n - J  s et  type designation to be
as Ign i ’: a’.: ar i r - v a l l (  ia 1u .~. Any F-- ~L func tion using a-n invalid
t/c ‘ ; e f l i ; r  .t i cr (~t a-n r - l u ;r e-nt w i l l  r e - t u r n  an  e r r o r .
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Values of internal record type designation ar c- assi g n e d
sequentially as set declarations are encountered in the source
schema. DML functions use internal type desi gna t ion v a l u es as
arguments.
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~~IS PAGE 
IS FE~ T ~NA L 1IY

~ i~M ~~~~~~~~~ 
F U I ~~~ ~u ~~ I

NULT 1—ACCLSS DA’I A BASE MANA GE-KENT SYSTEM
( M A L e -N AN FOR TI l E  P D P — l l  A N D  THE H 6 u U U )

DA TA NAN I P U L A T  IO N L A N G U A G E  ~KA~~U A L

‘Ib is oanual contains the document ation fcc the M u l t i — A c c e s s
Date Be - s - c -a - n agc-me nt System (NADMJ\N ) Data Ka n i ru lat ion Langu~~;a
( C N L )  . - The inf o rn at ion contained in this docum ent is not
in t e n c c N  for a novic e- re ader; the read er is exp ectc- -:~ to ha - v -~
sos-c kncw lad ge of d a t a -  b-a-sc facilities end langua ges to us--
thos - ; f a c i l i t i e s .  H o is also expected to have -- a wor K Ln a
k n c - ~~I e d u c  of E - U P T H A N  I V .

~L -~A~ wa-s origi nal ly imol em ent . on the P O P — i l  u n d e r

~d M — I i D  op e r a tin g syst em . E - or the ro st cart, Ccc :;:scriptions
cc c t~ 

] ccc: ca - rein arc- n e - ed in a-nd system i r c - - : - :~e-c de- n~ . l1o~-,- - aer
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1. GENERAL DESCRIPTION OF MADMAN

1.1 Functions

The MADMAN data base management system (DBMS) provides an
o r d e r l y  a n d  c o n t r o l l e d  m e a n s  f o r  a m u l t i p l i c i t y  of a p p l i c a t ion
programs written in Fortran to simultaneously access and update
a data base.

The DBMS m a i n ta i n s  s t o r e d  d a t a  a c c o r d i n g  to a p r e d e f i n e d
structure , and stores and retrieves data at the request of the
a p p l i c a t i o n  p r o g r a m s .  The data is organized and manaqed by the
DBMS so as to p r o v i d e  e f f i c i e n t  access  to d e s i r e d  s u b s e t s  of t h e
d a t a , a n d  to r e l i e v e  t h e  a p p l i c a t i o n  p r o g r a m  of d e t a i l s  of d a t a -
access p r o c e d u r e s .

A D a t a  D e f i n i t i o n  L a n g u a g e  ( D D L )  is p r o v i d e d  to a l l o w  the
d a t ~ : base  a d m i n i s t r a t o r  to s p e c i f y  how t h e  d a t a  is to be
s t r u c t u r e d  in  t he  d a t a  b a s e .  The s p e c i f i c a t i on  of the s o u r c e
sca r -ma  is w r i t t e n  in  t h e  DDL and  is t h e n  c o m p i l e d  to p r o d u c e  an
ch ]e-ct s c h em a  or s t r u c t u r e  t a b l e  f o r  t he  d a t a  b a s e .  The o b j e c t
sche m a is loa de d w i th t h e  DBM S , so t h a t  i t  c a n  p r o p e r l y m a n a g e
t h e d a t a  I J3S e .  Tin a u t h o r i t y  code f o r  each  r e c o r d  type  and  i t e m
i f l  r h ~ - d a ~~a base is used to provide a subsetting mechanism.

A [;ata Manipu lation Language (DML) is p r o v i d e d , in  t h e  f o r m
of a se t of For t r a n  s u b r o u t i nes , to allow ap olic ation pro grams
to a ccess a nd up da te the da ta in the d a t a  b a s e .  A pr escan
pr og ram is provid ed which scans the Fortran application programs
and produces additional data declarations corresponding to the

- i i~~ ri: s of  t h e  r e c o r d s -  accessed  by t h e  p r o g r a m .  An
app lication r r o g r am  declares which schema a -nd  sob s e t  of t h a t
s c h e m a  it ne~ ds v i a  an  I N V O K E  s t a te m e n t .  The prescan progr am
uses  tn - INVOKE statement and output from the’ DDE compiler to
pu t the Fortran declarations in the application program.

Th e- D B M S  p r o v i d e s  a means for the detection of conflicting
ac cesses t o  the data base. Concurrency control is provided at
t h e -  c a g e  i c -v o l. A progra m w i s h i n g  to modify a page w i l l  be
-a llo wed to do so only if no other programs are using it for
r e a d i n g  or  u p d a t i n g . Once  a p r o g r a m  h a s  m o d i f i e d  a page , the
pane is locked to others until the modifying program terminates.
M u l t i p l e -  readers are allowed for a page , b u t  no p r o g r a m  can
-s-o’i: fy i t until the readers have terminated . Resolution of
-a-on~ I le t ing accesses is invisible to the application programs.

T h - ’ DBMS concurrency control mechanism is such tha t it
i i f f e- r ’-ntiates between deadlocks and simple conflicts (conflicts
w hich are not deadlocks). Simple conf licts are resolved by
ma k 1 n~ an a p p l i cat ion p r o g r a m  w a i t un t i l  the d e s i r e d  page
becomes free. h owever , to resolve a deadlock , one or  m o r e  of
the conflic tin g programs is aborted and must be rerun.
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In the event that a program is aborted , the DBMS rolls back
the changes made to the data base by that program. This
rollback is transpa rent to the application program.

A recovery capabili ty is provided so that after a system
failure changes can be rolled back for programs in execut ion
when the system failed .

A Data Base Utility (DBU) is used to initialize a data
base , put a data base on—line , and take a data base off—line.
The DBU also provides other utility type functions , such as
listing all data bases which are on—line. For MADMAN on the
H6000 , DBU is divided into two programs—— DBU1 which is loaded
with the DBMS , and DBU2 which is a free standing program. See
the Data Base Utility One and Data Base Utility Two manual for
details.

1.2 Interfaces

Pictorially, the module interfaces l~ ’tween the parts of the
DBMS is as shown in figure 1. The DBMa has interfaces to the
application programs and mass storage device containing the data
base  and r o l l b a c k  f i l e .

I I
M A D M A N  DBMS DATA I

____ ______ _______ _______ _______ 
I BASE I

I I I I I I— --f-— —I 
_____________

I AP I — - f — I  FLI I — I  DBDH I — I  DMLP I — I  DBPM I
I I I I I I I I I I 

__________

I 
____  

I I I 
_____  

I I 
______  

I I 
______  

I I 
______  

I— - f — I I
I I I BEFORE I
I I I  F I L E  I
I I I I  

_ _ _ _ _ _  
I

Fi g u r e  1

Application Programs (AP) interface to the DBMS via a set
of Fortran subroutines called the Fortran Language Interface
(FLI). The Fortran subroutine calls form the Data Manipula tion
Language (DML) , which is documented below .

The mass storage device int erfaces are input and output
commands  to the  d a t a  base and b e f o r e — p a g e — i m a g e  s t o r a g e  ( a l s o
ca l l e d  the  b e f o r e  f i l e )  f o r  r o l l b a c k s .
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1.3 Processing of a Typical Program on the PDP—ll

To be tter illustrate the interfaces among the parts of the
DBMS a-nd between the DBMS and other parts of the system , we
describe the path of flow for a typical progra m:

After an application program is placed in to execution , as
p a r t  of i t s  i n i t i a l i z a t i o n, i t  t e l l s  t h e  D BMS of  i t s  i n t e n t i o n
to access  a d a t a  base  v i a  a c a l l  to the DBOPEt~ seoce uurce . The
DBOPEN routine reformats the procedure parame ters an d  p a s se ’s  t h e
i n f o r m a t i o n  to t h e  D a t a  B a s e  D e v i c e  H a n d l e r  ( D I 3 D N )  . Bj s ’~ci or:
t h i s  i n f o r m a t i o n  and  o t h e r  d e f a u l t  i n f o r m a ti o n , t he DB DH
a l l o c a t e s  a s u i t a b l e  D a t a  M a n i p u l a t i o n  Language ’ Processor (D~ LP)
f o r  t h e  AP a n d  s u p e r v i s e s  a c h e c k  f o r  o t h e r  r e s o u r c - s .

D u r i n g  t h e  e x e c u t i o n  of t h e  A P , c a l l s  a - r e  m a d e  on t h e -  E B Y S
via For tran procedure calls. These calls transfer control to
subroutines called the Fortran Language Interface (ELI). The-
ELI rou tines reformat the procedure arguments a-n :l provide ’ some
minor prelim inary error checking a-nd then pass the ra -roce elur e
parameters on to the DBDH via a system directive. Th- - fl’~~H
m o v e s  t h e  a r g u m e n t s  a n d  a -ny  o t h e r  d a t a  needed  to  p r o c e s s  th~
p r o c e d u r e  c a l l  i n t o  t h e  a d d r e s s i n g  space  of t h e  D 1 I P
c o r r e s p o n d i n g  to t h e  A P .  For p ro tec t ion  r ea sons , this
addressing spa-ce is entirely different from the AP addressin i
space .

The  D M L P  is  now a w a k e n e d  -and proceeds to interpret the
procedure argumen ts a-nd perform the desired actions. During
t h i s  e x e c u t i o n , t h e  D M L P  m a y  c a l l  on t h e  D a t a  Base  P a g e  M a n a g e r
( D B P M )  to r e a d  or w r i te pages  of d a t a  f r o m  or to t h e  d a t a  b a s e .
The DBPM handles all concurren t access control to the data base.
For e x a m p l e , it does not a l l o w  two  D M L P ’ s , corresponding to ti~’cs e p a r a te A P ’ s, to ha v e the- same  page of the data ha-se at th-a-
same- time for modification.

A l s o  d u r i n g  e x e c u t i o n  of t h e  D M L  p r o c e d u r e  c a l l , the-  D M L P
m a y  c a l l  on t h e  DI3 D I-! to m o v e  d a t a  f r o m  t h e  D M L P  page  b u f f e r s
i n t o  t h e  AP w o r k i n g  s t o r a g e  a r e a .

Upon  c o m p l e t i n g  t h e  e x e c u t i o n  of t h ’~ 1)ML c roce d u r e , t h e
D M L P  r e t u r n s  status i n d i c a t o r s  to t h e ’  E H O H , to be p a - s - s a d  to  t h e
E LI  a n d  t h e  A P .  Aft er checking f o r  a n y  e r r o r  st a t us , th ’ ELI
returns control to the user progr im.

F i n a l l y ,  as part of t ermin ating , the’ A P issur ’s a call to
the DBTERM procedure to tell the- dBMS that it is thr e igh usin g
t h e  da ta b a s e  a -n d  t h a t  t h e -  r e s o u r c e s  c a n  he- rclr ’aa-c ’d .

D u r i n g  t h e  e x e c u t i o n  of t h e  AP , t h e  D B M S  k e e p s  c op i e s  of
the original contents of all data base pages modified by the’ AP.
The o r i g inal con tents of these pages are saved on the ‘befor t
f i l e. In t he  e v en t  t he  AP is aborted , all the changes made to
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t h e  d a t a  base can be undone  v i a  the i n f o r m a t i o n  in the b e f o re
f i l e .

Note that one of the main functions of the DBDH is to act
as a communication interface between the AP arid DML? addressing
spaces. Some operating systems have the facilities for
interprocess communication required by MADMAN , On such systems ,
t he  o t h e r  f u n c t i o n s  of the  DBDH a r e  absorbed  by the FLI and DMLP
and t he  DBD H m o d u l e  does no t  e x i s t .  On the  H6 000 , the  s t a n d a r d
GCOS I I I  s y s t e m  r o u t i n e , I n t e r c o m  I/O , t a k e s  the  p lace  of the
DBDH.

1.4 Data Structures Supported

Data structures supported by the DBMS are a subset of the
f e a t u r e s  d e s c r i b e d  in  the CODASYL Data Description Language
Journal of Development El] . This subset is similar to that used
by IDS. CODASYL terminology is used in this document. However
i n  t h i s  s e c t i o n , e q u i v a l e n t  IDS f e a t u r e s  w i t h  d i f f e r e n t  names
a r e  d e n o t e d  by [I D S : < t e r m > ] .

The structure of any data base supported by this DBMS must
be predefined by a schema. The schema is written in the Data
D e s c r i p t i o n  L a n g u a g e  ( D D L )  by t h e  D a t a  Base A d m i n i s t r a t o r  ( D B A ) ,
who is responsible for data base desi gn and maintenance.

Elements of data structures are items [IDS : fields l ,
r e c o r d s , a n d  se t s  L I D S : c h a i n s ]  . R e c o r d s  a r e  composed of
i t e m s .  Sets  p r o v i d e  a m e c h a n i s m  for relating records which have
some common significance but not necessarily common da ta.

The schema also specifies areas [IDS : subfile ] or
subdivisions of physical storage space in which records of each
type will be stored . A record type may be restricted to certain
areas.

The schema defines types of elements. Run uni ts LIDS :
p r o g r a m s ]  c a u s e  o c c u r r e n c e s  of these  e l e m e n t s  to be s t o r e d  or
accessed . I t  is important to distinguish between type a-nd
occurrence. The schema is  p r e p a r e d  and maintained separately
from both the data ba-se and run units. There is no subschema as
such , however a subsetting facility is provided , v i a  authority
codes .

I tem types may be binary integer , b i n a r y  f l o a t ing po in t
(long or short) , or ASCII. Variable—length item types are not
supported . Record types consis t of a fixed number of
occurrences of each of zero or more item types. Each item type
m u s t  p a r t i c i p a t e -  in  e x a c t l y  one  r e c o r d  type .

For each set  type , one r ecord type must be designated the
owner type and one or more other record types designated member
types. Cycles are not supported . Otherwise , record types may
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par ticipate as owner or member in any number of set types.
Records can become members of an occurrence of a set ei ther
au tomatically (when the record is created) or manually. Set
membership can be optional , manda tory in a set but allowing set
reassignment , or fixed in a particular set occurrence. Dynamic
Sets are not sapported .

Set me~ I ?rship can be assigned in two ways: (1)
automatically when a r e c o r d  o c c u r r e n c e  is c rea ted or (2 )
manually by the application program.

Singular sets are supported . Associative -access to a-ny
record type may be s p e c i f i e d , u s i n g  a r a n d o m i z i n g  (ca ic )
procedure. User defined randomizing procedures a-re supported
and different randomizing procedures can be specified for
individual record types. Duplicate key values may be permit ted
i n either case.

1.5 Data Mani pulation Provisions

The D a t a  M a n i p u l a t i o n  L a n g u a g e  ( D M L )  is t h e  i n t e r f a c e  by
w h i c h  t h e  r u n  u n i t  accesses  t h e  d a t a  b a s e .  The D M L is  s i m i la r
to the proposed CODASYL facility [2] , and  c o n s i s t s  h e r e  of a
n u m b e r  of F o r t r a n  s u b r o u t i n e  c a l l s  a v a i l a b l e  to t h e  r u n  u n i t .

Da ta transfer between the data base a-nd run unit is
con t r o l l e d  by the DBMS , which copies da ta- between a user working
area (UWA) accessible to the run unit and the data base. The
U WA c o n s i s t s  of l a b e l e d  common a r e a s , one  f o r  each  r e c o r d  type ,
the declarations for which are prepared by the prescan program.

E a c h  r e c o r d  in  t he  d a t a  base  h a s  a d a t a  ease  key  ( D B ~l )
[IDS : reference code) which un iuue ly identifies t O e -  r e c o r d  to
the DBMS and permits its retrieval. DEK valu es are invariant
f o r  t h e  d u r a t i o n  of r u n  u n i t  e x e c u t i o n , b u t  ~

-
~~y be r e a s s i gned

from one exec ution to another , d u e  to da ta base  r e s t r u c t u r i n g  or
repacking .

The DB M S m a i n t a i n s  c u r r e n c y  t a b l e s  f o r  each  r u n  u n i t  i n
exe-c’ation. These tables contain the DBK of the current re-c O rd
of the ’ run un it , c u r r e n t r e c o r d  of each r e c o r d  ty pe , and  c u r r ent
occurrence an d record of each set type . Currency t a -b i c upd atin g
may be inhi bited by the run unit .

The p roces s  of loca t i ng  a r e c o r d  in  t he  da t a b ase i s
consi dered logically distinct from the process of mov in g data
from the record to the ’ UWA. The DML provides these snpa rat~
functions as well as combined operations.

The DML f u n c t i o n s  m a y  be d i v i d e d  i n t o  three categories:
those dealing with data retriev al , those concerned with updating
the data base , and miscellaneous op- rations. The last category
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is concerned  w i t h  c o n t r o l , s t a t u s , and DBK m a n i p u l a t i o n .
P r o c e d u r e s  a v a i l a b l e  in each ca t egory  a re  desc r ibed  b e low.

R e t r i e v a l  f u n c t i o n s  cause  the  DBMS to loca t e  r ecords  and
o p t i o n a l l y  copy them to the  UWA . Any of the following may be
used as the basis for locating records :

1) The DBK is specified by the run unit.

2) A k ey  i t e m  v a l u e  is s p e c i f i e d  by t he  r u n  u n i t , and
the record type was declared in the schema to be
accessible in this manner.

3) The record  p a r t i c i p a t e s  in a set o c c u r r e n c e
specified by the run unit. Set ordering
c h a r a c t e r i s t i c s  a r e  s p e c i f i e d  in the schema , and
member records are accessed in this sequence.

4 )  The r ecord  is located in an a re a  s p e c i f i e d  by the
run unit.

In all but the first case above , t h e r e  w i l l  g e n e r a l l y  be
multiple records satisfying the specified condition. The DBMS
will access and return these one at a time as reques ted by the
run unit.

Data  base u p d a t e  f u n c t i o n s  a l l o w  the  r u n  u n i t  to c r e a t e ,
destroy , and m o d i f y r eco rds  and to a s s i g n  and al ter set
par ticipation. When a record is created or modified ,
appropriate data values are copied from the UWA to items in the
record.

Whenever a record is to be m a d e  a member  of a set , it is
assigned to the current occurrence of the appropriate set type
as indicated by the currency tables. The run unit is
responsible for establishing the appropriate set currencies
before issuing a procedure call which results in set assignment
or reassignment. The DBMS does no t support a se t selec t ion
lID S: unique master l capability which would locate appropriate
sets based on values in the UWA .

The m i s c e l l a n e o u s  functions permit DBK values to be copied
f r o m  t h e  c u r r e n c y  t a b l e s  to r u n  u n i t — a d d r e s s a b l e  st o r a g e ,  permit
tes ting for set membershi p a s s i g n m e n t , a-nd permit the run unit
to specify error processing routines.

1.6 A u t h o r i t y  C o n t r o l

The principle of authority con trol is used as a method of
implementing a subsetting mechanism and as a method to afford a
measure of data protection at both the record and item level.
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An a u t h o r i t y  code is a s s o c i a t e d  w i t h  each r e c o r d  type , each
i t e m type wi t h i n  r e c o r d s , and each set type . The authority code
indicates which run uni ts have access to the r e c o r d s , i t e m s , or
sets. The method of implementation allows for up to some
m a x i m u m  n u m b e r  of basic subsets. This maximum number of subsets
is c u r r e n t l y  set  to 15. A n y  p r o g r a m  can be g i v e n  a c c e ss  to one
or m o r e  of t h e s e  s u b s e t s .  Each  a u t h o r i t y  code c o n s i s t s  of a b i t
m a s k , one  b i t  f o r  each s u b s e t .  One  b i t  is reserv e - 1 as a spec i a i
i n d i c a t o r  for data base ’ adm inistrative functions.

When an a p p l i c a t ion  p r o g r a m  opens  t h e  da ta base , it
spe c i f i e s  the a u t h o r i t y  key wi th w h i c h  i t w a n t s  to ac cess the
data base. Any time the program requests access to a record ,
i t em , or se t , i ts key is anded to the authority code to verif y
t h a t  the access can be granted .

E a c h  r e c o r d  h a s  b o t h  a r ead  and  a write a u t h o r i t y  code .
E a c h  i t e m  h a s  o n l y  one a u t h o r i t y  code .  These  a u t h o r i t y  codes
a r e  s p e c i f i e d  in  t h e  DDL source schema. If an application is
g r a nt ed read or w r i t e  access  a t  the  r e c o r d  l eve l , i t ha-s the
correspond i ng access to i tems in that record to which it h~~s
authority to access.

The set access is derived from the record accesses. An
application program is gran ted access to a set type if it has
access  to t h e  o w n e r  r e c o r d  type  and a t  l eas t one of the m e m b e r
r e c o r d  t y p e s .

By the  use of t h e  above p r o c e d u r e , an applicat ion pro gra -m
is g iven access to the data records , i t e m s , and se ts wh i c h  a r e
pertinent to its oper ation , t he  r e m a i n i ng r e c o r d s , i tems , and
se ts  b e i n g  i n v i s i b l e  to i t .  For  e x a m p l e , i f  i t e m s  a - r e  added  to
or r e m o v e d  f r o m  a r e c o r d  to w h i c h  an a p p l i c a t i o n  p r o g r a m  h a s
access and these are items to which the program does not h-ave
access , no changes are necessary in the application program for
it to continue functioning properly.

R e f e r e n c e s :

1. CODASYL Data Description Language Journal of Development.
June 1973. National Bureau of Standards. NBS Handbook 113.

2. CODASYL COBOL Journal of Developmen t — 1 9 7 5 .  available
f r orn :

Technical Services Branch
Department of Supply and Se: - ce’s
5th  F loor , 88 Met c a l f  S t r e e t
Ottawa , O n t a r i o , CANAD A
K1A , 0S5
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2 .  I N T R O D U C T I O N  TO T H E  DATA M A N I P U L A T I O N  LANGUAGE

2.1 General Information

T h i s  section p r o v i d e s  an i n t r o d u c t i o n  to the Da ta
Manipula tion Language (DML) and its use. The next section
describes in detail each DML procedure available to the
application r)roqramrner.

2.1.1 Application Programmer Level of Knowledge

The application programme r using this data manipulation
language is expected to have a good working knowledge of the
concepts and features of this data base facility. In addition ,
he is e x p e c t e d  to u n d e r s t a n d  the  p o r t i o n  of t he  d a t a  s t r u c t u r e
p e r t i n e n t  to h i s  p r o g r a m .  For e x a m p l e , t h i s  level  of knowledge
is generally equivalent —— although not identical —— to t h a t
required for application programming using IDS.

2.1.2 Visible Data Structures

DBMS applications programs contain references to names of
da ta base structures such as record types , data items , set types
and areas. To execute correctl y, application programs must
contain declaration statements defining these names. Since the
application programmer ordinarily does not have sufficient
i n f o r m a t i o n  a b o u t  the  s t r u c t u r e  of the da ta  base to code these
sta t e m e n t s , the prescan preprocessor is used to generate and
insert them into the application program prior to compilation.
The application programmer tells prescan where to insert these
d e c l a r a t i o n  S t a t e m e n t s  by placing a pseudo statement (INVOKE) in
the source program.

These i n s e r t e d  s t a t e m e n t s  d e c l a r e  a l l  necessa ry  symbol ic
names for item , r e c o r d , and set types , f o r  a r e a s , and fo r  DBMS
p a r a m e t e r s .  They  a l so  c r e a t e  the  U s e r  W o r k i n g  A r e a  ( U W A )  in the
f o r m  of l a b e l e d  common a r e a s  w i t h i n  t he  r u n  u n i t  a d d r e s s i n g
space. Program references to data items are references to UWA
locations. A ll other symbolic names are equated to numeric
values used as identifiers by the DBMS. The programmer should
a l w a y s  use symbolic names and generally need not be concerned
wi th the corresponding numeric values.

Only the element types declared by these inserted
d e c l a r a t i o n  s t a t e m e n t s  w i l l  be access ib le  to the  r u n  u n i t .
Because  of subs et t i n g ,  entire records or items within records
may be omit ted from the declarations. In addition , a r u n  u n i t
may be allowed to modify some of the record types visible to it ,
but only rea d other types. The UWA is also accessible to the
ORMS so that it may copy data between the data ba-se and the UWA .
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2 . 1 . 3  Da t a Base  K e y s

A r ec o r d ’ s da ta base  key  (08K ) is the l o g i c a l  a d d r e s s  of
th~ r cord in the data base. DBKs are 4 bytes in length , and
con t~~in the area identification , page number within the area ,
a - r d  logic al record number (line number) within the page on which

~ne record is stored. (The line number is in the first byte ,
a r e a  n u m b r - r in  t n a  second b y t e , a-nd p a g e  n u m b e r  in  the  l a s t two
Lvtes on t h e  1 16 0 0 0 . )

1- record may be physically moved within a p~.qe d u r i ng space
r~- claa tion w ithin the page. This does not alter ~tis DBK.

If a record is p h y s i c a l l y moved  from one page to anoth ot ,
its [I~K w i l l  change . This never occurs as a r e s u l t  of DN ~L c - a i l s
v run a nits , an d  n e v e r  o c c u r s  f o r  a n y  r e c o r d  d u r i n g  t h e

- ~et  ia- c- of a run jnit accessing that record. However , the da ta
L _

~- a d a inistr a tor may cause certain record tv~ es to be r e p a c k e d
i~ stora g e - to ma in t~~in operating efficiency. The DBKs of such
r~~ - -aru s ar e surjrct to change between run u n t  executions , a-nd
eho~i 1d not be’ saved b e y o n d  t h e  l i f e t i m e  of t h e  r e - n u n i t .

~~. 1.4 C~arr en cy ‘la-bles

The DB-~~ m a i n ta i n s  tabl es of D B K 5  of c~~r ta i n  r e c o r d s
: r O c c - a S . - c ; e- -

~ t h e  r u n  u n i t .  These  DBKs e s t a b l ish  r e f e r e n c e -
~o s i t i o n s  in the d a t a  base  a-nd  p e r m i t  e f f i c i e n t  r~~; :r i e v a l  of t h e
cOr r (-S~ c - n- ;i ng records. The DBMS retains (in thes - ta-b le ’a ) the
DBK of one record of each type . Each such recor~i is t~~r m e d
c u r r c r t . t of  t yp e  for its type . The DBMS also rc’t -ai n~ rOe e~~K of
ce~~~- recoru in each area of the data base. Each snch record is

~:-rm . ,d c u r r e n t  of area for its area. The DBMS -also retains the
L~d K  of t Oe re-cord most recently processed by the run mit. This
r ecorn is t -rm r -d the current of run unit.

In ad-ti t j on to the above , for each set tyec~, the DB M S
m a - J r -t i ns the’ DBKs of four records belongin g to a sing le
occ urr e nc e - of th i t  se’t type :

1. i h e - r e c o r d  c o n s i d e r e d  to be current of set ,
2. ‘It- c record followin g the current of set in set order ,
3 .  i d e -  r e c o r d  preceding the current of set in set order ,
4 .  T h e  owner record of t h e  set occurrence.

It ~h’: p r o p e r  r e c o r d  corresponding to any currency table
-n~~r /  is  n o t  k n o w n  to  t h e  DB M S a t  a n y  t i m e , a n u l l  v a l u e  is

u sed . For  a - n y  so t  typr- , a c i rr e n t  set is identif ied if any of
the’ four net currency entri e - s is non—null. In particular , a
ci rr ~-n t set ef a -qivcn type’ may be identified even thoug h there
is no record  k n o w n  as c u r r ~~nt of se t.
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M any DML f u n c t i o n s  u t i l i z e  r e c o r d s  i d e n t i f i e d  by the
currency tables. The programmer is responsible for establishing
proper currency conditions before calling such functions.
G e n e r a l l y ,  when  a record is retrieved , created , modified , or
o t h e r w i s e  processed as a r e s u l t  of a DML ca l l , it becomes the
current of run uni t , current of its record type , and current of
set for each set type in which it partici pates as owner or
member. The run unit may optionally suppress the record and set
currency updating . Upda ting of current of run unit can not be
suppressed . No te that the currency tables can only be modified
by the DBMS according to the result of a DML procedure. They
cannot be directly modified by the run unit.

Indicators for curren t record of area are normally NOT
updated (except for the FINDA a-nd OBTNA procedures) , but can be
updated a t the option of the run unit. When this updating is
p e r m i t ted , the record processed becomes the current record ~f
the area in which it is stored .

2 . 1 . 5  DML P r o c e d u r e s

The following provides a brief description of the purpose
of each DML p r o c e d u r e :

D a t a  R e t r i e v a l :

Four -procedures a-r e avai lable for- locating a record which
s a t i s f i e s  a specif ied cond i tio~~ ~ These ,proce du re s  a re  F I N D ,
F I N D K , FIN DD , and FINDA . They êause records to be located (DBKs
f o u n d )  , b u t  do not copy da t a  f r o m  the da ta  base i n to  the UWA.
T h e r e  a r e  four corresponding OBTN (obtain) procedures which
loca te records in the same manner as the FIND procedures and
also copy data from the record in to the UWA . Finally, the GET
p r o c e d u r e  cop ies  d a t a  f r o m  t he  c u r r e n t  r e c o r d  of the run unit
into the’ UWA. A brief description of each retrieval procedure
f o l l o w s :

FI ND a-nd OBTN locate either the current record of a specified
record tyPe- , or th e c u r r e n t , next (in set order), prior , f i r s t ,
or las t member record or the owner record of the current
occurr e -nc c- of a specified set type.

F I N D D  and  OBTND l o c a t e  a r e c o r d  whose  d a t a  base key is s p e c i f i e d
by th .-’ run uni t.

F I N D K  a n d  OB TN K l o c a t e  a r e c o r d  of t h e  s p e c i f i e d  type  whose  key
item value(s) is (are) specified by the run unit. The record
t y p e  m u s t  h a v e  been  d e c l a r e d  in  t he  schema to be a c c e s s i b l e  in
this manner.

FINDA and OBTNA locate the current , next (in DBK order), pri or ,
f i r s t , or las t record within a specified area.
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GET c o p i e s  a l l  or  s pc - c i f i e d  i t e m s  f r o m  t h e  c u r r e n t  r e c o r d  of t h e
run uni t to the UWA.

D a t a  Base  U p d a t i n g :

Nine procedures are available for updating the data base.
These a r e  STORE , STOR E D , M O D I F Y , IN C R , CHANGE , C - 

~3ET , I N S E R T ,
REMOVE , and D E L E T E .

STORE and  STORED c r e a t e  a new r e c o r d  of t he  s p e c i f i ed  type , copy
d a t a  v a l u e s  f r o m  t h e  UWA to the record , and assign the record to
set  o c c u r r e n c e s  i n d i c a t e d  by t h e  c u r r e n c y  t ab l e s .  STORED is
us ed to Store records with a location mode of direct.

YliD IFY , I N C R  (I n c r e m e n t) , and  C H A N G E  a l t e r  d a t a  i tems w i t h i n  t he
current r e c o r d  of the run unit. MODIFY causes all or specified
it em- s to be replaced by values from the dc A. INCR ca-uses
s p e c i f i e d  s i g n e d  i n c r e m e n t s  to be a d d e d  to s p e c i f i e d  i n t e g e r
ite ms within the record. CHANGE cause.s specified values to
repla ce specified items within the record.

C~.GSET , INSERT , and REMOVE m odify set assign-rent of the curr ent
re-cord of the run unit. CNGSET rca - sc ions memb ershi~ f o r
man da tory or optional set m c-mhe rs. REdOVO and INOERT are used
re-sp ecti ve ly to remove ontio nu l r e n d e r s  from set parti cip a tion
and to ass ig n  “ow n e r l e s s ” op tional members to a set. INSERT is
also used for assigni ng ma nual m andatory and manual fixed
members to an occurrence of a set type.

DELET E destroys the c u r r e n t  r e - c o e d  of the :- ru e - u n i t. ~dn t i on all v ,
it may also des troy record s which arc n- -af- ,’ rm of sets for which
the cu r r en t r e c o r d i s  t h e ’  o.~r - er.

M i s c e l l a n e o u s  F u n cti ons :

The miscellaneous operations deal with opening and closing
the da ta base , status a-nd control information , and da ta base key
transfer. -

DBOPEN prepares the data base for processing ; DBTERM terminates
the use of the data base; DBCLN declares a clean point during
the processing ; and DBERR se ts the’ global error return.

~TSET and MEMSET a -re function s for determinin g ~hc ther a
specified set occurrence ha-s n- i- embers , or wh e - th er a sp e cified
record is presen tly a memb er of some occurr enc i- of a specified
Se t type .

M OVEC , MOVER , MOVES , MuVET , and MOVEA ca-m e curre ’ncv ta~- 1e
en tries to he copied from tO ’ - fl~ ”~S tabl e -s into loc u ti on s
sp c i f i e d  by the run u n i t . T h e a ’  ~- roc di: r ’-s co~—v , respectiv e l y ,

~v- DBKs of cu r r e - n t of run u n i t ,  cur rent record of so~ c if ie3
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record type , current record of specified set type , all four
entries for a specified set type , and current record of a
specified area .

2.1.6 Procedure Arguments

Arguments common to several DML calls are described below :

‘record—name ’ is the symbolic name of a record type
declared in the schema .

‘set—name ’ is the symbolic name of a set type declared in
the schema .

‘ i t e m ’ is the name of an item declared in the schema.

‘error— label’ is an optional error exit desi gnation ,
consisting of two parameters , the symbolic designator ERR
followe d by an integer variable to which a statement number
has  been a s s i gned . For Fortran— ? , the form of the two
p a r a m e te r s  must be the symbolic designator ERL followed by
the stat e-mont l a b e l  or v a r i a b l e  to w h i c h  t he  l a b e l  h a s  been
ass ig n ed pr eceded by a $,  i.e., ERL ,$40 or ERL ,$L.

‘ area—id’ is the symbolic name in an area in the data base.

‘curren cy— option ’ specifies optional currency update
suppression. These may include the literals RECORD , AREA ,
or  SEl’ S or  up  to f i v e  set  type n a m e s .  Area  c u r r e n c i e s  a r e
n o t  u p d a t e d  u n l e s s  s p e c i f i e d  in ‘ c u r r e n c y — o p t i o n ’ ( w i t h  the
excep tion of FINDA and OETNA).

‘ d a t a — b a s e — k e y ’ r e f e r e n c e s  a f o u r — b y t e  v a r i a b l e  c o n t a i n i n g
a- DBK value.

‘ i d e n t i f i e r ’ references a four—byte variable in which the
DBMS will place a desired DBK value.

A r g u m e n t s  w h i c h  a p p l y  to on ly  a s i n g l e  DML c a l l  a r e  e x p l a i n e d
‘.~‘i t h  the  ca l l  in  the  f o l l o w i n g  s e c t i o n .  The possible values of
some of t he  a r g u m e n t s  a r e  s p e c i f i e d  as upper  case  w o r d s , such as
A L L , SI M PLE , or NULL. These words are reserved; they may not be
used  as v a r i a b l e  n a m e s , i t e m  n a m e s , or  r e c o r d  or set t ypes .  If
i t s  v a l u e  is desired , the word should be specified as the
a r g u m e n t  v a l u e .  For  e x a m p l e ,

CALL GET(ALL)
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2.1.7 Data Structure Definition Statements

Each application program needs the proper declaration
sta tements describing the record and set types in the data base
to which it has access. The prescan processor scans the
application program and generates in the applic eo n program the
necessary declarations so that the applicat:-an program can
access and update a MADMAN data base. These statements describe
the records a r-id i tems within those records to which the program
has access. The statements also define symbolically the names
for record types , set types , and o the r  s y m b o l i c  n a m e s  such  as
ALL , N U L L , NXTDUP , etc. In addition , one l a b e l e d  common b l o c k
is defined for communicating DBMS status returns.

2.1.7.1 The Invoke Statement

The INVOKE statement specifies the schema a-nd subschema
needed by the application program to access the data base. The
position of the INVOKE statement ir ae source program specifies
wrere the data base declaration statements are to be placed .
The format of the INVOKE statement is a-s follows:

INVOKE [SUBSCHEMA <access key> OF] SCHEMA <schema name>

<access kr y> , if specified , mus t be a legitimate access key or
group nam e- d c -fined in <schema name>. Prescan will replace the
INVOKE statem ent with all record , Se t and data item declarations
for <sch r- n.~ na me> for which the associated access lock is
ma tch-:-d by <access key>. The word INVOKE many b eqin in any
col umn position but must be the first non—blank symool on the
1 i n c .

If <,:ocess key> is omitted and <schema name> contains ro
access sect ion , a l l  re co rds , sets and dat a - items from
<sche ma nam e> will be declared . If <access key> is omitted but
< s c h e m a  n a m e >  does con ta i n  an access  sec t ion , no d e c l a r a t ions
will be included in the application program.

No te that the ’ PO P—il Fortran comp i l e r s  r e a u i r e  tha t DATA
state ments follow all other declaration statements. Therefore
the INVOKE statement n-ij st follow the last declaration statement
in the application program and precede the first DATA statement.

2.1.7.2 Record Format Declara tions

Each record format is described by a labeled common
spec ification. The items within the record are the names of the
varia ble locations defined within that labeled common. For
exam p Ic ,

INTEGER PLATO ,A R C H E M ,ATO S SA ,D A R I U S
LOGICAL *1 AR ST OT
COMM ON / X E P X ES / P L ATO , A R C H E M  , AR STO T ( 10) , D A R I US ( 6 )  , .ATOSSA
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would define the layout visible to this user program for record
type X E R X E S  as 2 i n t e g e r s  (1 word  e a c h )  , followed by a 10 byte
i t e m , f o l l o w e d  by an i n t e g e r  i t em  o c c u r r i n g  6 times , followed by
an integer item. The item names , of course , are the variable
names defined in the labeled common. These statements are the
P D P — l l  F o r t r a n  v e r s i o n ;  the  F o r t r a n  Y v e r s i o n  would  be s l i g h t ly
different. (See the PRESCAN manual for MADMAN on the H6000.)

These labeled common blocks constitute the user work area
(UWA ). Prescan will only generate declarations for items and
record types to which the application program ha-s access.

It should be no ted that the application program can refer
to e l e m e n t s  of  an  i t e m  type  d e f i n e d  w i t h  t he  ‘o c c u r s ’ c l a u s e ,
but cannot refer to the entire group when performing DML
p r o c e d u r e s , unless the reference is to the en tire record. In
particular , this applies to the GET and MODIFY procedures.

2.1.7.3 Record and Se t Type Declarations

Each se t type and record type to which the application
program has access is defined using either the DATA and INTEGER
sta tements (for POP—li Fortran) or the PARAMETER statement (for
Fortran Y). For example ,

INT EG E R  X E R X E S ,G R E E C E ,P E R S I A ,T U R K E Y
DATA / X E R X E f - , G R E E C E , P E R S I A , T U R K E Y / 1 0 , 5 , 4 , 3/

w o u l d  d e f i n e  the record type XERXES to have the value 10 , the
set types GREECE , PERSIA , and TURKEY to have the values 5, 4,
and 3 , respec tively. For Fortran Y , the above  e x a m p l e  wo u ld
read

PAR AMETER XERXES= lO ,GREECE=5 ,PEPSIA=4 ,TURKEY=3

The programmer uses the name of the record or set type when
issuing calls on the DBMS. For example , assuming that a reco rd
of type XERXES is the current record of the run unit , the
f o l l o w i n g  is v a l i d

GET(PLATO ,ATOSSA)

N.B. For PDP—ll Fortr an , it is t h e  p r o g r a m m e r ’ s r e s p o n s i b i l i t y
NOT to assign any values to variables initialized for the
programme r by the DBMS Fortran statements.

2.1.7.4 Miscellan eous Declarations

T h e r e  a r e  a l s o  c e r t a i n  i d e n t i f i e r s  d e f i n e d  to m a k e  some of
the calls on the DBMS more symbolic and thus the intent of the
call more apparent to any one looking at the application program
listing . These identifiers are:
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word used for
ALL a r g  in CNGS E T , DELETE , GET , INSERT , MODWY , REMOVE
ANY dupct l in FIND K , OBTNK
AREA c u r r e n c y  u p d a t e  c o n t r o l
CUR R NT se lec to r  in F I N D , OBTN
DBCLOS a r g u m e n t  in DBTERM or DBCLN
DBROLL argument ..n DBTERM or DBCLN
ERL e r r o r  label indicator for Fortran—Y
ERR e r r o r  label indicator for PDP—ll Fortran
FIRST selector in FIND , OBTN
LAST se lec tor  in F I N D , OBTN
NEXT s e lec tor in F I N D , OBTN
NULL omitted record or set type in FIND , OBTN
NXTDUP d upc t l  in FINDK , OBTNK
OWNER se lec tor  in F I N D , OBTN
PERM selector in DELETE
PRIOR se lec tor  in F I N D , OBTN
RDONLY r ead  onl y i n d i c a t o r  f o r  DBOPEN
RECORD c u r r e n c y  upda te  c o n t r o l
SCHEMA a l t e r n a t e  schema s p e c i f i e r
SELECT sel ec tor  i n DELETE
SETS c u r r e n c y  upda t e  c o n t r o l
SIMPLE sele ctor  in DELETE
UPDATE modification declaration in currency—option list

The i d e n t i f i e r s  a r e  used as any o t h e r  i d e n t i f i e r .  For
examp le ,

GET (A LL)

The v a l u e s  of these  i d e n t i f i e r s  a r e  d e f i n e d  by F o r t r a n
s t a t e m e n t s  i d e n t i c a l  to those used f o r  d e f i n i n g  r eco rd  and set
types.

N . B .  For PDP—ll  F o r t r a n , i t  is the  p r o g r a m m e r ’ s r e s p o n s i b i l i t y
NOT to a s s ign  any v a l u e s  to v a r i a b l e s  i n i t i a l i z e d  fo r  the
programme r by the DBMS Fortran statements.

2 . 1 . 7 . 5  S t a t u s  D e c l a r a t i o n s  and E r r o r  P r o c e s s i n g

In order for the application program to access the DBMS
s ta tus re turns , a labeled common area called STATUS is oe fi n ed
in each a p p l i c a t i o n  p r o g r a m .  The s t a t e m e n t s  p rov ided  a r e :

INTEG ER R ECT YP , LIJ N , ERRLAB
LOGICAL *1 ERROR ,ERREC ,ERSET ,ERARE A ,ERITEM ,ERSTAT(4)
EQUIVALENC E (ERROR ,ERSTAT(1)) ,(ERREC ,,ERSTAT(2 )),

1 (ERSET ,ERSTAT (3)) ,(ERAR EA , E R S T A T ( 4 ) )  , ( E R I T E M ,ERSTAT(4 ))
COMMON/STATUS/FILLER , ERSTAT , ERRLAB , RECTYP , LUN
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These  s t a t e m e n t s  a r e  the  PDP— 11 F o r t r a n  v e r s i o n ;  the  F o r t r a n  Y
version would be slightly different. On the H6000 , the labeled
common n a m e  is < s c h e m a  nam e>S and the error variables are
integers.

After the completion of a DML procedure , if ther e was no
e r r o r  de tec ted , the  r eco rd  type of the c u r r e n t  record  of the r u n
unit will be atored in RECTYP.

After completing a DML procedure call , i f  th ere was an
error , information can be obtained from the ERSTAT array by
u s i n g  the  f o l l o w i n g  names :

name meaning
ERROR e r r o r  code
ERREC record type of record associated with the error
ERSET set type associated with the error
ERAREA area type of area associated with the error
ERITEM item number of item associated with the error

If one or more of the last three bytes in the array ERSTAT do
not apply, the value will be zero. The use of the fourth byte ,
ERAREA or ERITEM , depen ds on the procedu r e  call , that is ,
whethe r the p roce dure references specific field s in a recor d or
no t .  If  the ERITEM va lue  is app l icab le  fo r  e r r o r  process ing ,
its value is the number of the item within the procedure call
a r g u m e n t s .  Tha t  is , the f i r s t  i tem of the procedure  call is
number  1, the  second number  2 , and so f o r t h .

At the completion of every DML procedure call , the DBMS
tes ts to see if an e rror was d etec ted during the execu t ion of
that procedure. If so , control is transfe rred to an error
label. The error label can be specified to the DBMS in two
ways , globally or locally. The global way is to call DBERR
passing the error label. The local way is to specify the last
two arguments of the DML procedure to be F-RL followed by the
value of the label. For example ,

DBERR (ERL ,$ELAR)
GET (ALL , ERL , $15)

where ELAB has been assigned the desired statement label.

A local ly specif ie d error label overrides a globally
specified one for the procedure call in which it is specified .
If nei ther a global nor a local error label is specified and an
error occurs , the application program will be abo r ted and a
message printed indicating the cause of the abort.
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2 . 2  St a t u s  Codes

TABLE OF E X C E P T I O N  C O N D I T I O N S

Status Code Data Base Exception Condition

(Data - Base Retrieval Exception Conditions)

021 End of set or area ha-s been reached
023 No currency indicators established
024  No such  r e c o r d  f o u n d

(Currency Indicator Exception Conditions)

031 C u r r e nt of a r e a , r e c o r d  type , or set type is null
032 Current record of run unit is null
033 Curre at record of run unit is not correct record type

(Data Base Exception Conditions)

041 D-ta base key is invalid
042 No access to record type or set type
044 No access to control item of sorted set
045 No write access to object record

(Data Item Value Exception Conditions )

051 No duplicates allowed
054 U n k n own i tem (no access  to i t e m )
0 5 5  No access  to a n y  i t e m s  in  r e c o r d

( r e c o r d  type  m a y  n o t  c o n t a i n  a n y  i t e m s)
056 O v e r f l o w  on i n c r e m e n t

(Deleted Record Exception Conditions)

071 Access to a deleted record is specified
072 Deletion of a non—empty set is specified
0 7 3  D e l e t i o n  of a unioue record is specified

(Membership Exception Conditions)

0d1 Object record is a member of set
u~ 2 Object record is a- permanent member of set
0b3 Object r e c o r d  is not  a member of set
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TABLE OF EXCEPTION CONDITIONS

S t a t u s  Code D a t a  Base E x c e p t i o n  C o n d i t i o n

(Resource Allocation Exception Conditions)

090 No more  room to s t o r e  o b j e c t  r eco rd

(Miscellaneous Exception Conditions)

100 Set type or area name invalid
10 1 Record  type i n v a l i d
102 I nv a l i d  se l e c t o r spec i f i ed
103 No sets  f o u n d  s a t i s f yi ng ALL r e q u e s t
104 Both  r eco rd  type and set type s p e c i f i e d
105 Too m a n y  a r q u m c n t s  s p e c i f i e d
106 Too few a r g u m en t s  s p e c i f i e d
107 I n v a l i d  i t em  s p e c i f i c a t i o n

(item not declared as part of the record)
108 Bad record type or schema out of date

( r un u n i t  schema w o r k i n g  s t o r a g e  may be ou t  of d a t e )
109 Invalid currency update supression key word
111 Too many sets specified for currency update suppression
112 Bad schema pointer for DBOPEN
113 D a t a  base not  open
183 Too much PIUT space requested in DBOPEN
184 Too many user ’s running a-ga -inst the data base
185 Could not load DMLP
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T A B L E  O F EX C E P TI O N C O N D I T I O N S

I c i c i  i d i d i d i  I i i m l m l  r i  s i
I h i n i d i h i b l e l  I f i f i f i  I n l e l o l m i n i i m i m l m l r r - I l o l o l o l e i s i  t i
i a l g i b l o i t l l l f l  i i  i i  i i  I i i s l m i d l o i o l o l o l o l t l o i b i b i b i m i t i o l
l n l s i c i p l e i e l i ! n l n l n l g i n i e l s i  i l v l v l v l v l v l s l h l t l t i t l o i o l r l

s t a t u s l g l e i l i e l r l t i n l d l d l d l e l c l r l e t f l e l e i e l e l e l e ! t t n i n i n i v i r l e l
code e l t  n l n l m i e  d i a l d l k i t l r i t l t l y l a l c i r l s i t i  t l n a - i d l k i e l e l d i

I I I I I I I I I I I I I I
021  I I I I I XI ) - ( l I I I I I I I I I I I X I X 1  I I I I I

I I I I I I I I I I I I I I I I I I I I I I
023 1 l x i i  I i  l x i i l xi I I )-(i I l x i I X I X I X i X i X I  XI I X i X I

I I I I I I I I I I I I I I I I I I I I I I I I I I I
024 I I I I I I i x i x i  l x i I I I I I I I I I I x i x i  XI I I I

I I I I I I I I I I I I I I I I I I I I I I I I I I I
031 I l x i I I I l x i X l  I I I l x i I I I I I I I i X I X i  I I I X i x i

I I I I I I I I I I I I I I I I I I I I I I I I I I I I
032 1 X 1 I I I  l x i i i  I 1 x I X I x I X I X I  I I I I I  I I I i  X l i i

I I I I I I I I I I I I I I I I I I I I I I I I I I I
033 I X I X I  I I l x i I I I I X I X I X I X I X I  I I I I I I I I I l x i I

I I I I I I I I I I I I I I I I I I I I I I I I I I I I
041 I I I I I I I I l x i I I I I I I I I I I I I I l xi I i X i X i

I I I I I I I I I I I I I I I I I I I I I I I I I I I
042 I l x i I I I i x i x i x i x i  I I x I X I  I I I I I I x I x i x I x I x I x I x I x I

I I i I I i I I I I I I I I I I I I I I I I I I I I I I
044 I I i i I I I I I l x i I i I I i I I I I I I I I l x i  i x i x l

I I I I I I I I I i I I I I I I I I I I I I I I I I I I
045 I X i x i  I I i x i x i x l x l x l  I x i x i  l x i I I I I I i x i x i x l x i x l x i x l

I I I I I I I I I I I I I I I I I I I I I I I I I I
051 I X I  I I I I I I I I I Ic i l x i I I I I I I I I I I i x i x i

I I I I I I I I I I I i I I I I I I i I I I I I i I
054 l x i I I I I I I I I I x l x i  I l x i I I I I I I I I I I I i

I I I I i I I i I i I I I I I I I I I i I I I I I I I
055 l x i I I I I I I I I I x I X I  I l x i I I I I I I x i x l x i x l  I I

I I I I I I I I I I I I I I I I I I I I I I I I I I
056 I I I I I I I I I I I l x i I I I I I I i I I I I I I I I

I I I I I I I I I I I I I I I I I I I i I I I I I I I
071 I I I I I I I I lx i I I I I I I I i I I i I I l x i  i I I

I i I I I I I I I I I I I I I I I I I I I I I I i I I I
072 I I I I I lx i I I I I I I I I I I I I I I I I I I I I I I

I I I I I I I I I I I I I I I I I I I I I I I I I I I
073 I I I I I l x i i I I I I I I I I I I I I I I I I I I I i I

I I I I I i I i I I I I I I I I I I I I I I I I I
0~~1 I I I I I I I I I I i i~ I I i I I I I I I I I I I

I I I I I i I I I I i I I I I I I I I I I I I I I i
082 I l x i  I I I I I I I I I I I I I I I I I I i I I I I X I I I

I I i I I I I I I I I I I I I I i I I I i I I I I I I I
083 I l x i  I I I I~~i I X i I I X I X 1  I I I I I I l x i I I x I x I  I

I I I I I I I I I I I I I I I I i I I I I I I I I I I I
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TAB L E OF E X C E P T I O N  CONDITIONS

I c I c I  I d l d i d l  l i l m i m i  i n I s i
I h i n l d l b l b l e l  I f I f I f I  i n l e l o l m i m l m i m l m i m l  I o i o l o i e i s l t i
l a l g i b l o l t i l I f I  il ii i i I i l s i m l d l o l o I o l o l o i t l o l b i b l b i m i t l o i
I n I s i c i p l e l e l  i l n l n l n l g i n l e l s i i i v i v l v l v l v l s i b i t i t l t l o i o l r i

s t a t u s $ g l e l l l e l r l t l n l d l d l d l e l c l r l e i f i e I e i e l e l e i e i t l n i n l n l v i r i e i
code l e l t l n l n m e l d i a l d l k l t l r l t i t i y l a l c i r l s i t i t l n i a l d l k i e l e d

I I I I — I I I I I I I I I 1 1  I I I I 1 1 1 ~~1 I I —

0 9 0 1 1 1 1  I I I I I I I I i I i I I i I I i I  l x x
l i i i  1 I I I I I I I i I I I I I I I I i  I I

— 100 1 lxi I I I x I x i  l x i I I x I x I lxi I I x i x I x i x i x I  Ix I x i  I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

101 I I I I I I l x l x l  I xI I I I I I I l x i I I I x I x i  Ix I  I X I X 1
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

102 I I I I I I X I X I X I  I I I I I I I I I I I I I X I X I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I

103 I IX I  I I I I I I I I I 1 X I X I  I I I I I I I I I I lx i  I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

104 I I I I I I I x I X I  I I I I I I I I I I I I I X I X I  I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

105 I X I X I X I X I X I X I X I X I X I X I X 1 X I X I X I X I X 1 X I X 1 X I X I X 1 X I X I X I X I X I X I X I
I I I I I I I 1 I I I I 1 I I I I 1 I 1 I I I 1 I I I 1 I

106 I X I X I X I X I X I X 1 X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I X I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

107 I XI I I I I I I I I I X I X I I l x i I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

108 I I I I I I I x i x i  IxI x I I I l x i I IX I  I I I x i x i I x I I xix i
I I I I I I I I I I I I I I I I I I I I I I I I I I I I

109 I I I I I I I x I X I X I X I  I I I I I I I I I I I x I x I X I X I  I X I X I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I

111 1 I I I I I I x I X I x I x I  I I I I I I I I I I I x I x I x I X I  Ix I x I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

112 I I I l x i I I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

113 IX I X I X I  I X I X I X I X I X I X I X I x I X I x I X I X I X I x I X I x I X I X I X I X I X I X I X I x I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I

183 I I I l x i I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I I I I I I

l 8 3 I I I I x  I I I I I I I I 1 I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I

185 1 1 1 I X  I I I I I I I I 1 I I I I I I I I I I I I I
____________ 

i i i  I I I I I I I I I I I I I I I I I I I I I
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2.3 Prescan Service Subroutines

As one of i ts options , prescan will genera te Fortran source
code for any of three subroutines to load and dump designated
r e c o r d s .  These  s u b r o u t i n e s  a - r e :

Subroutine Name Purpose

LOAD Input data for record types
DUMP Output data for record types in labeled form
RDU frIP Output data for record types in unlabeled form

The following three sec tions illustrate outputs from LOAD ,
DU M P , and RDUMP subroutines. These outputs are based on the
f o l l o w i ng schema :

RECORD R E C O O 1
ITEM C H A R O 1  IS 1 BYTE C H A R A C T E R
ITE M C H A R O 2  IS 5 BYTE C H A R A C T E R
I T E M  C H A R O 3  IS 1 0 0  B Y T E  C H A R A C T E R
ITE M C H A R O 4  IS 3 BYTE C H A R A C T E R  OCCUR S 7
ITE M C H A R O 5  IS 100 BYTE CHARACTER OCCURS 2

RECORD RECOO2
ITEM I NT OO1 IS 2 BYTE I N T E G E R
IT EM I N T O O 2  IS 2 BY TE INTEGE R OCCURS 3

RECOR D R E C O O 3
IT EM R E A L O 1  IS 4 BYTE R E A L
I TE M RE A LO 2 IS 4 BYTE R E A L  O C C U R S  3
I T E M  R E A L U 3 I S 8 BYT E REAL
I T E M  R E A L U 4  IS 8 BYTE R E A L  OCCURS 4

2.3.1 The Load Procedure

The LOAD p r o c e d u r e  w i l l  i n p u t  v a l u e s  f o r  a -n y  or  a l l  d a t a
i t e m s  of a s p e c i f i e d  r e c o r d  type  f r o m  t h e  u~~er ’ s t e r m i n a l .
I n p u t  v a l ue s  a r e  w r i t t e n  i n t o  the  l a b e l e d  common b l o c k
co rrespondin g to that record type . LOAD will solicit each data
item , one a t  a t ime , by t yp ing  the  i tem n a m e , the index if the
l t r -m is d e f i n e d  w i t h  an o c c u r s  c l a u s e , t h e  i t e m ’ s type  (C —
character , I — i n t e g e r , R — r e a l )  and the length for type
charac ter items. The following example shows the results of
c a l l s  to LOA D on each of t h e  t h r e e  r e c o r d  tyoes  d e f i n e d  a b o v e .
U s e r  r e s p o n s e s  a r e  u n d e r s c o r e d .
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LOAD RECORD R E C O O 1  ( T Y P E  1)
C H A R 0 1  C (  1)  A
C H A R O 2  C (  5)  ABCDE
CE-IARO3 C( 100) ABCDEFGHIJKLMNOPQRSTUVWXYZABCDEFGHIJKLMN
C H A R O 4 (  1) C ( 3) ABC
CHA RO4 ( 2)  C (  3) DEF
C H A R O 4 (  3) C( 3) GHI
C H A R U 4 (  4 )  C (  3 )  J K L
C H A R O 4 (  5) C (  3) MNO
C H A R O 4 (  6 ) C (  3) PQR
C H A R O 4 (  7) C( 3) STU
CHARO5( 1) C( 100) AAAAAAAAAABBBBB
CHARO5 ( 2) C( 100) CCCCCCCCCCDDDDDDDDDDEEEEE

LOAD RECORD RECOO2 (TYPE 2)
I N T O O 1  I 1
I N T O O 2 (  1) I 2 2 2 2
I N T O O 3(  2)  I 3333
I N T O O 2 (  3) I 4 4 4 4

LOAD RECORD RECOO3 (TYPE 3)
REALO1 R 11111111.2222
REALO2( 1) R 1111111111.
R E A L O 2 (  2 ) R 4
REALO2( 3) R T23456
REALO3 R 111.22
REALO4( 1) R 1111111111.2222222222
REAL O 4(  2) R 3
R E A L O 4 (  3 )  R 4
REALU4( 4) R 5

2 . 3 . 2  The Du mp P r o c e d u r e

The DUMP procedure prints out complete values for any or
all data items of a specified record type . Data items printed
by DUMP a r e  o b t a i n e d  f r o m  the  labeled common b lock assoc ia ted
w i t h  t h a t  r eco rd  type . DUMP also prints the name of each item
and its index in the case of an item occurring more than once.
The f o l l o w i n g  e x a m p l e  shows the  r e s u l t s  of c a l l s  to DUMP on each
of the three record types defined above.
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R E C O R D  R E C O O 1  ( T Y P E  1)
C H A R O 1  A
C H A R O 2  A BCDE
C HA R O 3 A B C D E F G H I J K L MNOP QRSTUV WXY ZA B C D E F G H I J K L M N
CHARO4( 1) ABC
C HA R O 4 (  2 ) DEE
C H A R O 4 (  3) GRI
CH A R O 4 (  4) JKL
C H A R O 4 ( 5 ) MNO
C H A R O 4 (  6 )  PQR
CHA R O 4 ( 7 ) STU
CH A R O 5 (  1) AA AA AA AAA A B BBBB
C H A R O 5  ( 2) CCCCCCCCCCDDDDDDDDDDEEEEE

R E C O R D  R E C O O 2  (TYPE 2)
I N T O O 1  1
I N T O O 2 (  1 ) 2 2 2 2
I NT OO 2(  2) 3333
I N T O O 2 ( 3) 4 4 4 4

RECORD R E C O O 3  (TYPE 3)
REALO 1 0.llllllE 08
REALO2 ( 1) (i .llllllE 10
REALO2 ( 2) 0.400000E—05
RE/\L02( 3) 0.123456
REALO3 111.22 0
R E A L O 4 (  1) 0 . l l l l l l E  10
REALO4( 2) 0.300000E—05
REALO4( 3) Q .400000E—05
REALO4 ( 4) 0.500000E—05

2~~3.3 Th e Record Dump Procedure

The RDU MP procedure prints out the first nine chara cters of
any or  a l l  d a t a  i t e m s  in the  co mmon b l o c k  c o r r e s p o n d i n g  to a
specified record type . RDUMP outputs have seven standard
nine- character fields across the page and produce a very compact
lis ting . Data items are not labeled . The following example
shows the results of calls to R D U M P  on each of the three records
printed in the example of the previous section.

K E C O U 1  A A BCD E A B C D E F G H I A B C  DE E GHI  J K L
MNO PQR STU AA A AA AA AACCCCCCCCC

RECOO2 1 222 2 3333 4444

R E C O O 3  0 . 1 I E  08 0 . 1 1E  10 0.40E—u~ 0 . 1 2  0 . l l E 03 0 . 1 1E  10
O . 30E -0 5  O . 40E -0 5  O . 50E - 05
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2 . 3 . 4  S u b r o u t i n e  C a l l i n g  Sequence

A l l  of the p rescan  s e r v i c e  r o u t i n e s  a r e  ca l led  as fo ll ows :

CALL x x x ( r e c — n a m e , i t ems ,n)

w h e r e

xxx is LOAD or DUMP or RDUMP

r e c — n a m e  is a r e c o r d  type v i s i b l e  u n d e r  subschema <access  k e y >

i t ems  is an i n t e g e r  a r r a y  c o n t a i n i n g  the o r d i n a l s  of the v i s i b l e
d a t a  tems in n e c — n a m e  to be loaded or dumped .  For
e x a m ple , to dump the  f i r s t , t h i r d  a-nd f i f t h  i tems of a
r eco rd , the  f i r s t  t h r e e  e l emen t s  of the  a r r a y  should have
the values 1, 3 and 5. Loading or dumping items which
occur more than once will cause all occurrences to be
processed .

n is the number of items to be loaded or dumped (number of
entries in items). If n is greater than or equal to the
n u m b e r  of v i s i b l e  d a t a  i t ems  in r e c — n a m e  then  a l l  v i s i b l e
i t ems  w i l l  be t r a n s f e r r e d .

The following code would cause the first a-nd third data
items in the application program ’s subset of RECOO3 to be dumped
to the terminal :

I N T E G E R I T E M S ( 2 )
DATA I T EM S/ l , 3/

CALL D U M P ( R E C O O 3 ,ITEMS ,2)

The following call would cause all items to be dumped :

C A LL D UM P ( R E C O O 3 , I T E M S , 4 )

When the last argument is equal to or greater than the total
number of items in the record , the contents of the second
a r g u m e n t  a - r e  not r e f e r e n c e d . The f o l l o w i n g  s t a t e m e n t  would also
cause  a l l  i t e m s  in R E C O O 3  to be dumped :

CALL D U M P ( R E C O O 3 ,0,9 9 9 )
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3. DATA MANIPULATION LANGUAGE — Language Specifications

The Ca-ta- Manipul ation Language (DML) takes the form of a
set of For tran subroutine and function calls. Unless otherwise
no ted in the det ailed descri ption , the calls are for subroutines
and so take the form of CALL x (y) , where x is the subroutine
name and y the sequence of arguments for the subroutine. If a
CM L c a l l  is  s~~cci fied to b-~ a f u n c t ion , the call must be used
where the functi on value can be saved or tested , such as an
expression or assignmen t statement.

The descrip tion of the Fortran statements used to describe
u s e r  r ecor d a r e a s , i tem names , record type , set types and other
n ames , the use of currency pointers , and other DML concepts are
described in the previous section. Reference is made to the
v a r i a b l e  RECT Y P , which is described above and contains the
record type of the current record of the run unit.

If the values of an argumen t are specified in upper case
then one of these words must be specified if ~he procedure is
used. For example , NULL , S I M P L E , ALL. Other arguments , such as
record—name , set—name are generic terms which ~~ist be replaced

~
y t h e  a p p r o p r i a t e  names , as described in th previous section.
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3.1 The Change  P r o c e d u r e

C H A N G E ( i teml , v a lu e l , i t em2 , v a lu e 2 , . . .,  error—label)

The CHANGE p r o c e d u r e  ass igns  spec i f i ed  va lue s  to up to f o u r
i tems of the  c u r r e n t  r ecord  of the r u n  u n i t .

Rules:

1. The object record of the CHANGE procedure is the
current record of the run unit. If the current record of the
run unit is not of the type specified by the variabl e RECTYP , an
error condition will occur.

2. The items must be defined as an integ er item or
c h a r a c t e r  i t em of w i d t h  1 t h r o u g h  4 bytes  w i t h i n  o b j e c t  r ecord
and these items may not be control items (e.g., calc or sort
i t e m s )  of t h a t  r e c o r d .

3. If the items are defined as integer , the value will
either be truncated or sign—extended if the width is not one
w o r d .  I f  the i t ems  a r e  d e f i n e d  as c h a r a c t e r , an e r r o r  c o n d i t i o n
w i l l  occur  i f  the i t em w i d t h  is g r e a t e r  t h an  4 .

4. Write access on a record type and access to the item is
r e q u i r e d  to change  an i tem in a r e c o r d .

5. If more than one item is specified for changing and an
e r r o r  occurs , none of the  i tems w i l l  be changed .

6. The error—label may be omitted , in which case the last
label assigned to ERRLAB will be used in case an error occurs.

Compa r i son:

1. The CHANGE procedure is neither in CODASYL DBTG nor in
IDS .
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S ta t us Codes:

032  C u r r e n t  r e c o r d  of r u n  u n i t  is n u l l
033  C u r r e n t  r e c o r d  of r u n  u n i t  is n o t  of c o r r e c t  t y p e
0 4 5  No w r i t e  access  to o b j e c t  r e c o r d
054 Unknown item (no access to item)
055  No access to a-ny i t e m s  in  r e c o r d
105 Too ma ny a r g u m e n t s  s p e c i f i e d

(more than 4 item—value pairs specit iec )
106 Too f~~~ a r g u m e n t s  s p e c i f i e d

(the number of arguments may not be ev n)
107 I n v a l i d  i t e m  s p e c i f i c a t i o n

(i tem no t d e c l a r e d  as par t of th e r e c o r d )
( i t e m  is  a c o n t r o l  i t e m  or a f l o a t i n g  p o i n t  i t e m )

113 D a t a  base  n o t  open

E x a m p l e s :

CA LL CH A NG E ( SA M ,10)
CALL CHANGE(PLATO ,VA L ,ATO SS P. ,U ,E R R ,IERR)
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3.2 The Change Set Procedure

CNGSET(set—name l , set—name2 , . . . ,  error—label)

The CNGSET procedure performs set reassignment on the
current record of the run unit. That is, for each set—name
specified as an argument , CNGSET removes the record from the
oc~~u r r e n c e  of the  Set type to w h i c h  the  r ecord  belongs and
i n s e r ts it i n t o  t he  c u r r e n t  o c c u r r e n c e  of t h a t  set type .

Rules:

1. The object record of the CNGSET procedure is the
current record of run unit. If the current record of the run
unit is not of the  type specified by the variable RECTYP , an
e r r o r  c o n d i t i o n  w i l l  o c c u r .

2. The o b j e c t  r eco rd  m u s t  be an o p t i o n a l  or m a n d a t o r y
member of the specified sets.

3. For each set—name specified as an argument , the
successful execu tion of CNGSET causes this record to be inserted
into the current occurrence of set—name in accordance with the
o r d e r i n g  c r i t e r i a  d e f i n e d  in the  schema d e c l a r a t i o n  f o r  th a t
set. The record becomes the current record of set—name .

4. The program must establish the desired occurrence of
set—name in the currency indicators before the CNGSET procedure
is executed .

5. Write access on a record type and access to the set is
reauired to perform set reassignment.

6. If ALL is specified for set—names , se t reass i g nmen t
will occur for all sets to which the program has access and in
which the object record is currently participating as an
optional or mandatory member. Otherwise up to twelve sets may
be s p e c i f i e d  f o r  set r e a s s i g n m e n t .

7. I f  more  t h a t  one s e t — n a m e  or ALL is spec i f i ed  and an
e r r o r  occu r s  t h e n  none of the set r e a s s i g n m e n t s  w i l l  be
p e r f o r m e d .

8. The error—label may be omitted , in which case the last
label assigned to ERRLAB will be used in case an error occurs.

C o m p a r i s o n :

1. The CNGSET procedure is neither in CODASYL DBTG nor in
IDS .

2. In CODASYL DBTG , se t r eassi g nmen t is performe d as an
o p t i o n  of the  MODIFY p r o c e d u r e .
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Status Codes:

023 No set currency indicators established
031 Current of set type is null
032 Current of run unit is null
033 Current record of run unit is not of correct type
042 No access to set type
045 No write access to object record
051 No duplicates allowed
0 82 O b j e c t  r e c o r d  is a fixed record of set
083 Object record is not a member of Set
100 Set type invalid
103 No sets found satisfying ALL request
105 Too many arguments specified

(more than 12 set—names specified )
106 Too few arguments specified

(no set—names specified)
113 Data base not open

E x a m p l e s :

CALL C N G S E T ( X E R X E S ,ERR ,I E R L A B )
C A LL C N G S E T ( G P E E C E ,T U R K E Y )
CALL CN G S E T ( A L L ,ERR ,I E R R )



3 . 3  The Data  Base G loba l  E r r o r  R e t u r n  P r o c e d u r e

D B E R R ( e r r o r — l a b e l )

The D B ER R p r o c e d u r e  ass igns  an e r r o r  label to the g loba l
error return ERRLAB. In MADMAN on the H6000 this procedure is
the only method of assigning a global error return. Using ERS
as the argument sets the global error label to the next -
statement following any call to a DML procedure that does not
contain a specific error label.

C o m p a r i s o n

1. The DBERR procedure is neither in CODASYL DBTG nor in
IDS .

Status Codes:

105 Too many arguments specified -

Examples:

CALL D B E R R ( E R L ,$LAB)  -
CALL DBERR(ERL ,$l0)
CALL D B E R R ( E R S )
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3.4 The Data Base Open Procedure

DBOPEN (schema , subsch ema- , piu t—size , n umb—buffs ,
ci— si ze, ro—indicator , error—labe l )

The DBOP EN procedure performs all necessary initialization
to allow an applica tion program to use a MADMAN data base.

Rules:

1. The schema argumen t is an identifier and specifies the
name of the schema for the data base to be used . This must he
the same name as used in the INVOKE statement.

2. The subschema argumen t is a key or key group name that
specifies the subset of the data base to be used. This subset
must be the same as used in the INVOKE statement. If no
subse tting is used then this argument should be omitted or
specified as zero.

3. The optional argument piut—size must be an integer and
specif ies an estimate of the number of pages expected to be used
by the run unit. If this argumen t is omitted or specifi ed as
zero then the DBMS will use a default value. Since it is oftcn
difficult to estimate the exact number of pages expected to be
accessed by a run uni t the DBMS allows for some error. The D13ME
will allo w the run unit to access up to twice the number of
pages  s p e c i f i ed by t h e  p iu t—size argument before aborting the
run un it for using too many pages. The de fault value and
maximum allowable value fo r piut—size is controlled by the DBA
usi ng the data base utility.

4. The op tional argument numb—buffs must be an integer a-nd
spec i f i e s  the n u m b e r  of  pa ge b u f f e r s  to be a l l o c a ted f o r the r u n
unit. If this argument is omitted or specified as zero then the
DBMS will usc— a default value. The default value and maximum
allowabl e val ue for numb—buffs is controlled by the DBA using
the data bas’. - u t ility.

5. The op tional argument ci—size must be an integer a-nd
specifies the maximu m - size for currency indicators. The value
of the argument is in units of blocks with the size of 16 data
base keys. If this argument is omitt ed or specified as zero
t r i e n  the DBMS will use a default ialuc-. During the execution of
the run unit the currency indi ca tors a- re allocated as they are
established , for example , du r i r ~ FIND or FINDK procedure. If
the r e q u e s ted space is no t s u f f i c ~~ent then the run unit will be
aborted and a message ~rinted describing wha t happened . The
def ault value and max imum allowable value for ci—size is
con trolled by the DBA using the data base utility.

6. The option al argument r o—indic a - tor specifies RDONLY if
the application prog r~~m is an inquiry program. If RDONLY is
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s p e c i f i e d  f o r  t h i s  a r g u m e n t  then the p rog ram w i l l  be aborted if
it tries to update the data base.

7. The error—label may be omitted , in which case the last
label assigned to ERRLAB will be used in case an error occurs.

Status Codes:

105 Too many arguments specified
106 Too few a r g u m e n t s  spec i f i ed
112 Bad schema p o i n t e r
183 Too much PIUT space requested
184 Too man y user ’s r u n n i n g aga ins t the da ta base
185 Could not  load the DMLP

Example s :

CAL L DBOPEN ( JUNKDB)
CAL L DBOPEN(MASTER , KEYT 1)
CALL D B O P E N ( M A S T E R , KEY T 2 , 150 , 4 , 5 , ERR , I E R R )
CALL D B O P E N ( M A S T E R , DBAKE Y , 0 , 0 , 0 , RDONLY)
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3.5 The Data Base Terminate Procedure

DBTERM(indicator , error—label)

The DBTERM procedure terminates the availibi lity of the
data ba-se to the run unit. If the argument indicator specifies
DBCLOS then any modifications made to the data base by the
application program will become permanent. Otherwise , and in
particular if the argument specifies DBROLL , all such
modifications will be rolled back.

If the run unit terminates with the data base open then the
DBMS will automatically roll back all modifications made to the
data base by the program.

Sta t u s  Codes:

105 Too m a n y  a r g u m e n t s  s p e c i f i e d
106 Too few arguments specified
113 Data base not open

Examples:

CALL DBTERM (DBROLL)
CALL DBTEBM (DBCLOS)
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3.6 The Data Base Cleanpoint Procedure

D B C L N ( i n d i c a t o r , e r r o r — l a b e l )

The DBCLN p r o c e d u r e  d e c l ar e s  a c lean  p o i n t ;  t h a t  is , i t
operates as a simultaneous DBTERM—DBOPEN. All modification s
made to the data base by the run unit will be made permanent or
ro l led  back  depend ing  on w h e t h e r  the i n d i c a t o r  spec i f i e s  DBCLOS
o r DBROLL , r e s p e c t i v e l y .  The data - base resources will be
r e l eased  and r e i n i t i a l i z e d . In p a r t i c u l a r , a l l  c u r r e n c y
indicators a-re cleared .

The application programmer should be aware that after a
prog ram executes a DBCLN procedure , va lues  p r e v i o u s l y  r e t r i e v e d
by the  p r o g r a m  may be changed  by c o n c u r r e n t  r u n  u n i t s .

S t a t u s  Codes:

105 Too many  a r g u m e n t s  s pe c i f i e d
106 Too few a r g u m e n t s  s pe c i f i e d
113 Da ta  base not open

Examples :

CALL DBCLN (DBCLOS)
CALL DBCLN(DBROLL )
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3.7 The Delete Proc~ dlire - - 
— - 

-

DELETE(selector , error—label)

The DELETE procedure deletes the current record of the run
unit from the data base and , depending on the value of selector ,
possibly deletes additional records. The values of selector can
be :  S I M P L E , P E R M , S E L E C T , or ALL.

R u l e s :

1. The object record occurrence of the DELETE procedure is
the curren t record of the run unit. If the current record of
the r un unit is not of the type specified by the variable
R E C T Y P , an error condition will occur.

2. If the selector specifies SIMPLE , the current record of
the run unit must not be the owner of any set which contains any
member s , else an error condition will occur and no deletion will
take place. ITh e function MTSET can be used to test for this
condition.]

3. If the selector specifies PERM and the current record
of the run unit is the owner of a set which contains members ,
then each OPTIONAL member will be removed from the set a-nd each
MA NDATORY member will be deleted . The procedure is applied
recursively to each deleted member.

4. If the selector specifies SELECT , it has an effect
s i m i l a r  to PERM , except tha t an optional record will be deleted
if it is found not to be a member in a-ny sets.

5. If the selec tor specifies ALL and the current record of
the run unit is the owner of a set with memb ers , then all the
members will be dele ted . The procedure will be applied
recursively to each deleted member.

6. Write access is required to delete a- record from the
data base. If the selector specifies PERM , SELECT , or ALL then
the run unit must have write access to all possible record types
that can be affected (deleted or removed ) by the DELETE
procedure.

7. Following the succesciul execution of the DELETE
procedure , the cutrent record 0 f the run unit wifl be null. If
t he  c u r r e n t  of record type is on- — of the records that is delet ed
then that current of type will be made null. Currency
indicators for sets which contained indicators for deleted or
remove d records participating as members will be made null; some
of th’-— other currency indicators (NEXT , P R I O R ,...) may rema in
unchanged . Currency indicators for a set in which the owner was
d e l e t e d  w i l l  be m a d e  n u l l .
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8. The error—label may be omitted , in wh ich case th e las t
label assigned to ERRLAB will be used in case an error occurs.

Status Codes:

032 Current of run unit is null
033 Current of run unit is not of correct type
045 No write access to object record

(ma y apply to any record  type t h a t  can be a f f e c t e d )
072  D e l e t i o n  of a non—empty  set is spec i f i ed
073 D e l e t i o n  of a u n i q u e  record  is spec i f i ed
102 Invalid selector specified
105 Too many  a r g u m e n t s  spec i f i ed
106 Too few a r g u m e n t s  spec i f i ed
113 Data base not open

Exam p les:

CALL DELETE ( S I M P L E )
CALL D E L E T E ( A L L , ERR , I E R R )
CALL DELETE(PERM )
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3.8 The Find Procedure

FIND(select or , set-name , record-name , cur rency-opt ioni,
currency-option2 , . . . ,  error-label)

The FIND procedure locates and establishes record
o c c u r r e n c e :

The current record of run unit;

The current record of record—name;

The current record of set for all sets—names in which the
record currently participates as an owner or member;

The current record of the area in which the record is stored .

Some of the currency updating can be suppressed .

Rules:

1. The o b j e c t  r e c o r d  to be made  c u r r e n t  is  s p e c i f i e d  by
the  se lec tor e x p r e s s i o n  of t he  a r g u m e n t  l i s t .  The p e r m i s s i b l e
v a l u e s  of s e l e c t o r  a - r e  CU R R N T , N E X T , P R I O R , F I R S T , LAST , and
OWNER. The following describes the action of FIND depending on
the value of selector.

a.) CURRNT: Either the current record occurrence of the
specified record—name or the current record occurrence of
the specified set—name is selected as the oh~ ect r e c o r d
depending upo n which of the two arguments is given. The
a r g u m e n t  t h a t  is no t  used m u s t  be s p e c i f i e d  as N U L L  f o r
this selector.

b . )  N E X T , P R I O R , F I R S T , LAST:  The o b j e c t  r e c o r d  to be
selected will be a member of the set specified by set—name.
The occurrence of the set is identified by the currency
indicators for that set type . Only record types t.o which
the run uni t has access will be considered in selecting the
object record. The NEXT or PRIOR express ion will locate
the next or prior record of the specified set with respect
to the logical order of the specified set. The FIRST or
LAST expression will locate the first or last record with
respect to the logical order of the specified set. If the
record-name is also specified , only occurrences of that
record type will be considered in selecting the object
record. Otherwise , record—name must be specified a-s NULL.

C . )  O W N E R :  The owner record of the current occurrence of
the specified set—name will be selected as the ob]ect
record. Since owners of singular sets are unique records ,
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s p e c i f y i n g  OWNER f o r  a s i n g u l a r  set is e q u i v a l e n t  to
specifying CURRNT for the owner record type .

2. The record selec tion expression determines whether the
set—name or record— name argument items is needed . If one of
these two arguments is not used , it must be specified as NULL.

3. The currency—option arguments are optional and need not
be specified . They allow for programs to selectively control
currency updating . The permissible values a-nd meanings are:

currency—option meaning
RECORD suppress record currency updates
SETS suppress all set currency updates
AREA p e r f o r m  a rea  c u r r e n c y  upda tes  ( n o r m a l l y

AREA currency updates are suppressed )
set—namel ,set—name2 ,... suppress currency updates for the

specified sets (maximum of 5)

The currency options are independent except that if SETS and
individual set—names are both specified , it will be ta-ken to
mean suppress all set currency updates except for the specified
set—names. The arguments in the currency option list may occur
in a-ny order.

4. The word UPDATE may appear in the currency option list.
If it does , it specifies that the run unit will modif y the
object record during its execution. The run unit should specify
UPDATE only if it will definitely modify the record , since the
UPDATE option makes the object record unavailable to other
concurrent run units.

5. Currency updating will take place only for sets to
whi :h the run unit has access.

6. No actual movement of data is generated by the FIND
p r o c e d u r e ,  only  c u r r e n c y  u p d a t i n g .

7. The error—label may be omitted , in  w h i c h  case the  l as t
label assigned to ERRLAB will be used in case an error occurs.
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Status Codes:

021 End of set has been reached
( f o r  s e l e c t o r  = N E X T  or P R I O R )

0 2 3  No set c u r r e n c y  i n d i c a t o r s  e s t a b l i s h e d
024 No such r e c o r d  f o u n d

( f o r  s e l e c t o r  = F I R S T  or LAST )
031 Current of set type or record type i~ vill
042  No access  to set type or r e c o r d  type
045 No write access to object record

(may occur if UPDATE option used)
055 No access to a-ny item in record

(may occur wi th OBTN)
083 Object record can not be a member of set
100 Set type i n v a l i d
101 R e c o r d  type i n v a l i d
102 Invalid selector specified
104 Both record type a-nd set type specified
105 Too many arguments specified
106 Too few a r g u m e n t s  s p e c i f i e d
108 Bad record type or schema out of date
109 Invalid currency update suppression key word
111 Too many sets specified for currency update suppression
113 Da ta base no t open

Examples:

CALL FIND(CURRENT ,NULL ,SAM )
CALL FIND(CURRNT ,DICK ,NULL ,RECORD ,ERR ,IERR)
CALL FIND (NEXT ,DICK ,SAM ,SETS ,UPDATE ,ERL ,S10)
CALL FIND(LAST ,SALLY ,NULL ,AR EA ,SETS ,SALLY ,DICK )
CALL FIND(OWNER ,PHIL ,NULL ,UPDATE ,ERR ,IERLAB )
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3.9 The Find By Key Procedure

FINDK(record-name , dupc tl, key-value , currency-optioni ,
currency-option2 , a . . , error-label)

The FINDK procedure locates and establishes record
occurrence based upon a specified key—value.

Currency updating and suppression are the same as for the
FIND procedure.

Rules:

1. The object record to be made current must have been
defined as a- CALC record type or a member of a sorted (or
indexed ) se t .

2. The permissible values for dupctl are ANY or NXTDtJP or
a set—name. ANY or NXTDUP are permissible only with records
defined as CALC ; set—na-me is permissible with records defined as
members of sorted sets.

3. If ANY is specified , the first (or possibly only)
record with the specified key—value is found . The NXTDUP value
permits the user program to find additional records having the
same key value. The search for the next duplicate starts from
the last record with the identical key value. To find all the
r e c o r d s  w i t h  the  same key v a l u e , use FINDK w i t h  ANY to f i n d  the
first such record a-nd then use a sequence of calls on FINDK with
NXTDUP ( a n d  t he  same key v a l u e )  to f i n d  the  r e s t .  Note t h a t
FINDK with NXTDUP will be treated as FINDK with ANY if the key
v a l u e s  a r e  d i f f e r e n t .

4. If dupctl specifies a set—name then the set will be
searched to find the member with the specified key value. The
proper  set o c c u r r e n c e  m u s t  have  been e s t ab l i shed  in the cu~~rency
i n d i c a t o r s .

5. FIND procedure rules 3-7 also cover the FINDK
p r o c e d u r e .
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Status Codes:

023 c~o set  c u r r e n c y  indicators established
0 2 4  No s u c h  r e c o r d  f o u n d
0 4 2  i’~o access to set type  or record type
044 No access to control i t e m  of sorted set
045 No write access to object record

(may occur if UPDATE option used )
055 No access to any item in record

( m a y  o c c u r  w i t h  O B T N K )
083 Object record can not be a member of set
100 Se t type  i n v a l i d

(set may  no t  be sor ted , sorted wi thin type , or indexed)
101 R e c o r d  type i n v a l i d
105 Too many arguments specified
106 Too few arguments specified
108 Bad record type or schema out of date
109 Invalid currency update suppression key word
111 Too many Se ts specified for currency update suppression
113 Data base not open

E x a rr. p1 e 5:

CALL F I N D K ( S A N , A N Y , K E Y )
C A LL F I N D K (X I2R XES ,N X T D U P ,KE Y A ,AR EA ,SETS ,SALLY ,E RR ,I E R R )
CALL FINDK (XERXES ,SALLY ,KEYB ,ERL ,$100)
C A LL F IN D K ( S A R A H ,DICT< ,N X T D U P ,KEYB ,ER R ,I E R R )
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3.10 The Find Direct Procedure

FINDD(data—base—key , currency—option l ,
currency—option2 , . . . ,  error—label)

The FINDD procedure locates and establishes record
occurrence directly based upon a specified data base key.

Currency updating and suppression are as defined for the
FIND procedure.

Rules:

1. The data—base—key argument must evaluate to a variable
whose value contains the desired data base key.

2. Any record to which the run unit has access may be
directly located by the FINDD procedure.

3. FIND procedure rules 3—7 also apply to the FINDD
p r o c e d u r e .

4. The user program may obtain the data- base key of
record by using one of the MOVE procedures.

5. Data ba-se keys should not be saved and used across
executions of a run unit. The data base administrator reserves
the right to restructure the data base at any time.

Status Codes:

041 Data base key is invalid
042 No access to record type
045 No write access to object record

(may occur i f  UPDATE op t ion used )
055 No access to any item in record

(may occur with OBTND)
071 Access to a deleted record is specified
105 Too many arguments specified
106 Too few arguments specified
109 Invalid currency update suppression key word
111 Too many sets specified for currency update suppression
113 Data base not open

E x a m p l e s :

CALL FINDD(DBK)
CALL FINDD (DBKA ,AREA ,RECORD ,ERi~,IERR)
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